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Will Happer ' s comments on the visit 
to the University of Utah with 
the ERAB Cold Fusion Panel 
on June 2, 1989 



I. The Discussions with Dr. Stanley Pons 

Basic measurements . The PC computer we saw was programmed to record 
two measurements: 


1) The voltage drop across the electrodes, from which one can infer 
the electrical power deposited in the cell. 


2) The resistance of a thermistor, from which one can infer the cell 
temperature, and from a proper calibration of the system, the heat 
flow to the surroundings. V0 

♦ 

Were the calorimeters really calibrated ? The most confidence-shaking 
part of the Pons work was the calibration, or lack thereof, of the 
calorimeter. When we visited the laboratory, we saw two baths, filled 
with circulating water and thermostatted at about 30 C. Each bath was 
designed to hold four or more electrolytic cells. The cells were 
supplied with three pairs of electrical leads* One pair supplied the 
constant electrolysis current. By measuring the potential drop across 
this pair and multiplying by the constant current value it was 
possible to determine the electrical power input to the cell. A second 
pair of wires was used read the thermistor resistance. From 
supposedly well known calibration curves one could infer the cell 
temperature from the resistance reading. A third pair of leads could 
be used to supply current to the calibrating heaters. The heaters were 
a string of fairly high-power carbon (?) resistors connected in series 
within a J-shaped glass tube to keep them dry. The J-shaped tube was 
inserted to nearly the bottom of the electrolytic cell. I noticed 
that only one of the cells actually had leads attached to the 
calibrating resistors. The leads to which no wires were attached 
seemed never to have had any wires attached at all. They were 
straight, unscratched and unbent. My impression is that only one of 
the cells could ever have been calibrated. However, a laboratory 
computer was recording the voltage drops, at constant current, between 
the anode and cathode and the thermistor resistances from each of the 
cells once every five minutes. The readings were stored on diskettes I 
believe . 


Do calibration curves exist ? After leaving the laboratory, we 
questioned Stan on the details of his experiment and particularly on 
the calibration. Stan's description of the calibration was vague and 
confusing, at least to me. It appeared that he was doing periodic 
checks of the differential calibration of his cells. From time to time 
he would apply a few watts of thermal power to the cell by passing 
current through the calibrating resistors. Of course this calibrating 
power could be measured very precisely. However, the calibrating 
power was in addition to a substantial amount of power already 
dissipated in the cell by the electrolysis current. This procedure 
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did not seem to answer the basic question: given a measured 
temperature difference DT between the cell and the bath, how much heat 
is flowing out of the cell? Stan seemed to assume that dQ/dt = C DT 
where C was some constant which was independent of DT. Of course, 
this is "Newton's law of cooling." However, it is well known that 
heat flow can be a more complicated function of DT and only for small 
DT can one be sure that Newton's law of cooling is valid. The two 
most important deviations to Newton's law of cooling are from 
convection, for example of the air between the outer wall of the cell 
and the inner wall of the dewar , and thermal radiation across the 
vacuum space between the dewar walls. I would expect convective 
processes in the air and also in the heavy water to be most important. 


As many people have already noted, the cells were not stirred. This 
means that the heat transfer depends critically on the mechanisms 
which counter the natural tendency of a heated fluid to stratify, with 
the hot fluid floating on top of the cooler fluid. Although the Utah 
people stoutly maintain that the bubbles are adequate to thoroughly 
stir the solution, other groups with similar cells report that 
stirring makes a substantial difference in the results. Of course, 
the resistive heater does not produce bubbles at all, so the Pons- 
Fleishman arguments about bubbles as a good stirring mechanism are 
questionable for the calibrating heaters. Perhaps this is why the 
calibrating heaters were always used while electrolytic current was 
going through the cell and presumably producing bubbles. It is not 
clear how one could do an absolute calibration with the heating 
resistors without some mixing mechanism which mocks up the mixing of 
the bubbles. 


Os 


If I correctly understood the talk of the Utah metallurgists (about 
whom, more below) they tried to calibrate the heat flow measurements 
in their cells by electrolyzing ordinary water, although I was so 
distracted by the puzzling "excursion," that I did not get the 
details of their procedure. 


5 : 


After repeated questioning, Stan showed us his "black box," which was 
a viewgraph with assumed heat flow mechanisms, but he was never able 
to show us a calibration curve for any cell. Did a calibration curve 
exist at the time of our visit? The metallurgists did have a 
calibration curve which they readily found for us. 


Dewars. For still unclear reasons, the cells which Stan showed us 
were contained in vacuum jacketed dewars , made in the local glass shop 
and evacuated and sealed on the premises. The dewars were not 
silvered inside so radiative heat flow across the "vacuum" gap would 
have been relatively high. I also have some doubts about whether the 
vacuum was hard enough to prevent heat transport via residual water 
vapor which slowly outgasses from most glass systems. There was no 
sign of a getter inside of the dewar. This question about the 
efficacy of the dewar is especially important if, as I suspect, the 
cells were not individually calibrated with resistive heating, and a 
common calibration factor was used for all of them. If I understood 
correctly, "higher-power" cells were not contained in dewars. I guess 
the dewar was used to increase the temperature rise associated with 
the smaller heat flow in low-power cells. However, the exact path of 
the heat flow is unclear. If the dewar was really insulating well, it 
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could well be that heat was carried by convection to the top of the 
cell and at least partially released to the room air, which was not as 
well thermostatted as the water bath. 


Lack of crisp answers to questions . Time and again we received fuzzy 
if not evasive answers to questions. Although our group was billed as 
an important set of visitors, and although Allen Bard had previously 
explained to Stan Pons that we wanted to work through the nitty-gritty 
details of how one analyzed the data from a cell which was generating 
excess heat, no cell was operating when we arrived because of a power 
failure. Key pieces of data, especially that pertaining to the 
calibration of the calorimeter were missing. 

Did we see a Potemkin Village ? Our visit to Stan's laboratory left me 
with the feeling that we had seen the classic Potemkin village. We 
did not see a working cell. We did not verify the crucial calibration 
procedure, but instead we got "trust me" as an answer. Most of the 
cells seemed never to have been calibrated at all, and they also 
seemed to have been hurriedly thrown together to impress credulous 
visitors rather than to take data. 



II. The Discussions with the Metallurgists 

♦ lT\ 

According to Vice President Brophy, a group of metallurgists, led by 
Dean Wadsworth, from the University of Utah had independently 
confirmed the generation of excess heat, most spectacularly in an 
"excursion . 

I had a better impression of the metallurgists than I did of Stan and 
his people. For one thing, they immediately produced a calibration 
curve when we asked for one. The measured function of heat flow out 
versus temperature rise in the cell was not at all linear, as Pons 
assumed, but I had the feeling that the nonlinearity was in the wrong 
direction. That is, it seemed that the thermal resistance increased 
for larger temperature differentials rather than decreased, as one 
might expect from convective or radiative processes. 



The "Excursion." The data on the excursion consisted of a viewgraph 
of the voltage at constant current across the cell electrodes and also 
the cell temperature as a function of time. The total elapsed time 
was on the order of half a day. Some time during the night there was 
a sudden rise in temperature of about 20 C. The cell was unattended 
and the experiment was terminated the next morning when someone came 
in to refill the cell with heavy water. As I pointed out at the time, 
there was almost no change (a few per cent at most) in the voltage 
(about 10 volts) across the cell electrodes during the excursion. 

Since a temperature rise of 20 C would have lowered the resistance of 
the electrolyte by at least some tens of percent, the cell voltage 
data and the temperature data are completely inconsistent, and I think 
the excursion must be discounted as some sort of experimental problem, 
for example, a loose connection in the thermocouple power supply. 

'X » 
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III. The Discussions with Dr. Michael Salaman 


Dr. Michael Salaman gave us a very clear description of his search for 
gamma rays or neutrons from the Pons cells. Contrary to earlier 
assertions by Pons and Fleishman, there are no neutrons or gammas 
above the natural background. The gammas were examined with a large 
sodium iodide scintillator, located directly beneath one of Pons's 
water baths. Very low limits could be set on the 2.2 Mev capture 
radiation of neutrons in water and on the 24 Mev radiative capture 
radiation of two deuterons into the ground state of helium-4. The 
neutrons were detected by attaching a uranium-235 foil to a plastic 
(lexan?) substrate and subsequently etching out the damage track of 
the fission fragments. Detection sandwiches were placai under each of 
the cells, including cells which supposedly were and were not 
producing excess heat. The experiments seemed very solid to me. 

IV. What did we learn? 1 


In my view it is irresponsible to say to the press that we did not 
"find a smoking gun." Someone in our committee has already made that 
statement to William Broad of the New York Times, and Broad told me 
today, June 6, that he was about to run -jspbage-l story in the Times, 
"Blue-Ribbon DOE Committee Endorses Cold Fusion" or some such interest 
catcher. I begged him not to do it v bu& I refused to discuss the 
details of what I saw. What really happened was the following: 

1) There was no cold fusion in Utah on June 2 because of a "power 
failure" just before our visit. Once again we must accept "trust me." 
Sure, but let me cut the deck. 


2) The purported calibration procedure of the heat flow is highly 
suspect . /A 


Herat 


3) Most of the cells probably were not calibrated at all. 

4) The purported "excursion" in the Metallurgy Department was 
internally inconsistent. 


5) Contrary to earlier assertions by Pons and Fleishman, there is not 
a trace of gamma or neutron signals near their apparatus. (Trust me, 
remember ! ) 


I would be happy to endorse cold fusion if I were given the 
opportunity to see a working cell and verify the calibration of the 
heat flow measurements. I think this might take about a week of my 
participation in the experiments. Should the excess heat really be 
present and due to nuclear fusion (that is, not of chemical origin) I 
volunteer to join my committee members in carrying Pons in a sedan 
chair to Stockholm for his Nobel Prize, and I would rejoice to see him 
become a trillionaire for a discovery of such benefit to mankind. On 
the other hand, I object to whitewashing a religious cult under the 
aegis of ERAB. 
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Cold Fusion May 23-25, 1989 Workshop, 

May 24, 1989 ERAB Subpanel Meeting and May 25, 1989 Los Alamos Trip 


Not surprisingly, both the numerous negative and the positive results were 
subject to challenge. 


Texas A&M reported: 



(1) Heat similar to the University of Utah results (26 watts per milliliter 
of palladium) and the heat appears to be related to the lithium 


concentration, 

(2) Neutrons up to 4 times background, and 

(3) Tritium increases of up to 10,000-fold and these concentrations were 
confirmed by Los Alamos. Privately, PNL stated they had also confirmed 
these concentrations. 


Sweden reported neutron bursts of up to 10 times background. 


Briqham Young University (BYU) reported neutron bursts of up to 6 sigma and 
BYU agreed to have Yale/Brookhaven test a neutron producing cell. BYU noted 
their effect tracked with the type of lithium used and they will try using 
lithium-6. Durinq the Los Alamos visit, preliminary data was shown which 
indicated a confirmation of the BYU results and that, unless the neutron 
bursts are spread out, they appear as statistically insignificant single 
neutrons. 


Gran Sasso/BYU reported neutron bursts of up to 7 sigma. 

Los Alamos/BYU reported random neutron emissions of up to 11 sigma from 
Frascati -type experiments tested with very sophisticated and well established 
detectors in use for nuclear material safeguards. Fourteen bursts were 
observed of up to 300 neutrons, contained in less than 100 microsecond 
intervals . 


Frascati discussed their previously reported neutron data of up to 500 times 
background and bursts of neutrons of up to 35 times background. They now 
state that these bursts consisted of individual neutrons arriving within 
microseconds of each other. 
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IV. Electrolytic solutions (including additives and 
analysis) 

V. Current densities 

VI. Charging times 

VII. Cathode loading (and analysis) 

(b) Diagnostics: 

I. Neutrons and gammas (and X-rays), including detection 
of bursts 

II. Tritium, helium-3 and helium-4, including cathode, 
solution and off-gas 

(c) Natural processes: (geophysics and astrophysics) 

(3) Recommend general level -of -effort for basic research (in 

addition to considering an FY90 SBIR topic and supercomputer 
time) 


I have already sent the information requested by individual Subpanel Members; 
i.e. geophysics information to Lipman, and Wolfe's tritium viewgraph to 
Hoffman. Huggins declined to provide, at this time, the heat viewgraph for 
Bard. I informed Bard of this and this will be discused with Huggins during 
the site visit. 

Woodard has agreed to sent the weekly, express mail or fax, distributions of 
information the Subpanel requested: e.g. 

(1) . Information Garwin sent (forwarded by Woodard's May 22, 1989 memo), 

which included the Case Western Reserve report of 6 watts per cc 
excess heat and an up to 4 sigma neutron signal. 

(2) . The two Canadian papers on calorimeters. 

(3) . The four Sante Fe "Binder" papers on Utah and MIT theories, 

Canadian gamma measurements and Rochester neutron measurements. 


Recomendations : 

Request the national labs provide the following information: 

A. By June 20, 1989, a brief summary for the Subpanel of the work to 
date, and 

B. Later, efforts the labs believe are worth pursuing in the near-term 
(e.g., until the November 15, 1989 Subpanel report). 
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United States Government 


Department of Energy 


memorandum 


DATE: j\jn 6 1989 

REPLY TO 


subject: £RAB Subpanel on Cold Fusion June 2 , 1989 Site Visit to the University of Utah 

T0 ' Bill Woodard, ER-6 


In attendance were Ramsey (Subpanel Co-Chairman from Harvard), Bard (Texas), 
Happer (Princeton), Faulkner (Illinois), Miller (Bell), Finn (ERAB Executive 
Secretary) and myself (Subpanel Technical Advisor). Ramsey suggested this 
trip report and the updated version of my May 31, 1989 trip report (attached) 
be sent to the Subpanel Members to provide a summary of (only) what was 
reported (with the Subpanel Members to, or course, provide the critical 
review) . 


About three hours was spent with Pons. After a r of Pons 1 Lab, the 
discussion focused on a working cell with a 1.25 cm by 0.4 ^m Pd cathode 6 and 
64 mi lli amps per cm 2 . Pons reported that, between 5.6 x 10 and 5.9 x 10 
seconds (65 to 68 days) into the run, the excess power increased to up to 50 
times input power and from an accumulated excess energy of 2 megajoules per cc 
to 8 megajoules per cc (this is aboutM to 2 kilowatt hours per cc, about 100 
times that available from chemical reactions). Pons reported that between 2.6 
x 10* and 3.2 x 10 6 seconds (30 to 37 days) after restarting the cell, the 
excess power initially went to 6.58 watts per cc, then to 12.6 watts per cc 
and then to boiling for several hours before being shut down (no measurements 
can be taken during boiling and the cell must be constantly manned for safety 
reasons). The accumulated excess energy, before boiling, was also several 
megajoules per cc. Pons made the following statements: 

1. His heat monitoring is accurate to within 1% as confirmed by his HO 
control experiment and he will provide this data. He stated this is 
better than his previous control of a deuterium-loaded cathode in 

H 0, which ruined a heat producing cell, due to the hydrogen. The 
S&bpanel suggested that, as a control, he also try using a heater to 
replace the electroysis. . 

2. Later this month, he will send cathodes out for He-4 analysis. He 
noted that he already has 7 positive He-4 results and implied that 
one or more of these is (are) in the range anticipated by the heat 
generation. 

3. His tritium comes in bursts, as he said Texas A&M reported, and his 
tritium is only about twice background because most is lost in the 
off-gas. 

His measurements indicate he has a deutrium loading of greater than 

1 . 0 . 
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6. He stated that he does not provide specs to his Pd supplier and he 
uses the Pd, as is, from the supplier, (who reportedly uses a 
proprietary method to only cast, forge and draw the Pd.) He stated 
the one cc Pd cube, which vaporized, may have been a crystal, the Pd 
sheets he used next gave only marginal results and the first batch of 
Pd rods gave better results than the second batch he is now using. 

He (and the other Utah group) noted the importance of having little 
or no hydrogen in the rod. 

7. He stated he does not use additives in the solution, he does not 
pre-electrolyse, he will try LiS04 and Li -6 and the other Utah group 
will try NaOH. 

8. He stated the scale of many of the other experiments is too small to 
detect the temperature changes and that these changes are too small 


for isothermal calorimetry. 


S: 


Privately, the Subpanel noted no major errors were found and, although the 
calibration needs improvement, the heat bursts do not appear due to 
cal ibration. 


Prior to a tour of the independent, metallurgy group lab, they provided 
some of the May 1989, data on 6 heat bursts of 20 to 100% excess energy 
without subtracting the electrolysis energy, using 4mm by 10cm Pd rods, 100 to 
120 mil li amps per cm 1 2 3 4 , after 18 to 19 day runs: 


1. Power in: 9.7 watts, power out: 18 watts for 24 hours, 775,000 excess 

joules, 58 times the energy available from burning all the deuterium 
in the rod. /Ov 

2. Power in: 9.7 watts, power out: 58 watts for 91 minutes before an 
accidental shutdown. 

3. Power in: 9 watts, power out: 58 watts for 40 minutes, 7 times the 
energy available from burning all the deutrium in the rod. After a 
small explosion, the power out went to 18 watts. 

4. Power in: 6.3 watts, power out: 8 watts. 

This group also stated: 


(1) . They will do a control using a heat producing, deuterium-loaded 

rod in H O. 

(2) . They have sent out samples for tritium analysis. 

(3) . They more worked rods produced only marginal heat. 

(4) . Analysis of the cathode surface showed Pt, Silicates, Zn and 

Cu. 

(5) . Analysis of the solution did not show H 2 0 2 or "other 

chemicals." 

(6) . They will use a doppler-shifted laser to crosscheck the 

thorough mixing indicated by their temperature measurements at 
different locations and at different input powers. 

(7) . They will perform experiments with internal and external 

recombiners. 
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The Subpanel expressed concern that the voltage did not always drop with the 
temperature bursts (a second temperature monitor is indicated). 

The independent physics group reported the following on Pons heat producing 
cells. 

1. Neutron flux does not exceed 1 per second over background based on a 
three day run using U- 235 foil and lexan polycarbonate sheets to 
produce tracks, with half the system shielded by Cd plates. 

2. Gamma flux ; including the 24 MeV gamma, does not exceed 100 per second 
over background using Nal on the cell which boiled for several hours. 

3. Will use pulse shape discrimination and x-ray spectroscopy (with help 

from Los Alamos). v0 

♦ 

KTVX reported favorably on the interviews with Ramsey and with Pons and noted 
the $1/2 million from the state of Utah will be used up by the end of the 
year. 


Attachment 


David Goodwin 
Special Assistant 
Associate Director for 

High Energy and Nuclear Physics 

J$b 


cc: Professor Norman Ramsey 

Department of Physics 
Harvard University 
Cambridge, MA 02138 


W. Hess, ER-20 
P. Stone, ER-1 
T. Finn, ER-55 
R. Gajewski , ER-16 
D. Crandall, ER-54 
L. Iannello, ER -11 
D. Barney, ER-16 
R. Marley, ER-i 
W. Warnick, ER - 32 



Will Happer’s comments on his visit to 
Stanford University 
with the ERAB Cold Fusion Panel 
on July 6, 1989 


Discussions with Professor Huggins . Professor Huggins is a very smooth talker, and (if one 
were to ignore the disagreements between Professor Huggins and his students and post docs on 
what actually went on the the laboratory) gave a more persuasive viewgraph show than either the 
University of Utah people or the Texas A&M people, the other two sites I visited. Professor 
Huggins had the least impressive laboratory of any I have seen, and I am sorry to report that we 
did not inspect any of the original experiments, but only bits and pieces of apparatus which were 
claimed to have been used in the original experiments. 

We spent most of the morning looking at viewgraphs. In contrast to other cold fusion proponents 
I heard during site visits, who perhaps understood more than they were able to get across to the 
panel, Professor Huggins gave a clear discussion of the phase diagram of the palladium- 
hydrogen (palladium-deuterium) system and of the irreversible thermodynamics of the 
electrolysis of water. 

Calorimetry . The discussion fell apart when we began to review what was actually done in the 
experiments. Once again, the focus was on calorimeter calibration. Professor Huggins showed 
impressive-looking calibration data which were said to represent the temperature difference 
between the electrolyte in his cell and the temperature of the surrounding bath. Since there was 
no insulation between the cells and the bath, the thermal resistance was that of a few mm of 
Pyrex glass in the wall of the electrolytic cell. The temperature differences never exceeded ten 
degrees Celsius, and most of the data was accumulated at temperature differences of four or five 
degrees. The “excess power” usually corresponded to temperature differences of less than one 

degree. „<8>’ 

Professor Huggins told us repeatedly that the cells were calibrated by depositing a precisely 
measured amount of thermal power from electrical heaters into the electrolyte and measuring the 
corresponding rise in the electrolyte temperature, relative to the bath. From any measured 
temperature rise one could therefore infer a heat flow rate to the bath. There were some 
arguments between Professor Huggins and his students about how long one waited before 
assuming that the cell temperature had reached equilibrium after the energy input had been 
changed. If we got an unambiguous resolution of the argument, I must have missed it, but the 
students seemed to think that the waiting time was about thirty minutes. I was amazed at the 
linearity of the curve of temperature rise versus heater power in. It appeared to have been drawn 
by a ruler. The viewgraphs presented by Professor Huggins seemed to imply that during 
electrolysis, one simply waited for the temperature to settle down at some electrolytic power 
input to the cell, and then used the measured temperature difference to infer the heat flow to the 
bath from the previous calibration. The students contradicted Professor Huggins and claimed 
that the actual procedure was to wait for the temperature to settle down while constant 
electrolytic power was going into the cell, then add various amounts of electrical heater power, 
say 2 watts, 4 watts, 6 watts etc. and to use this real-time calibration to infer the heat flow out. 
This procedure has some similarities to what Professor Pons told us he did. It does not answer 
the question of how linear the temperature rise versus heat evolution rate really is. 

Sporadicitv . Professor Huggins told us that his electrolytic cells always behaved normally when 
they were first turned on, that is the heat output plus the enthalpy of formation of the gases was 
equal to the electrical power input to the cell. After some days the heat output of the heavy water 
cells was said to gradually rise until it exceeded the electrolytic power input to the cells, even if 



the enthalpy of the evolved deuterium and hydrogen gases were neglected. A viewgraph (labeled 
“3 .Time Dependence”) showing the time dependence of this excess power in a heavy- water cell 
had no units on either axis. When I asked about it, I was told that the horizontal axis covered 
several days of time. It seems impossible to reconcile the monotonic increase of the “excess 
power” with a data on another viewgraph, which was not included in our packet of hard copies. 
This last-minute viewgraph showed a very sporadic time dependence of the heat output, which 
varied by about an order or magnitude from day to day. In fact, there were two large “peaks” in 
the heat output, spaced about one week apart. The sampling interval was about one day. As 
Dick Garwin pointed out to Professor Huggins during the meeting, there is a serious discrepancy 
between the viewgraphs of our handout packet and the claim stressed in our meeting that the 
effect is strongly sporadic. 


Constant voltage operation . Professor Huggins told us that his cells were operated at constant 
voltage. In contrast, almost all of the experiments at the University of Utah and at Texas A&M, 
were done with constant current through the cells. In principle, constant voltage operation is all 
right, provided that the current flowing across the cell was carefully measured. However, it is 
certainly less convenient to measure the current in a circuit than the voltage across a circuit 
element, since a current meter of negligible resistance must be inserted into the circuit. The large 
differences between the electrolyte resistances for light water and heavy water imply that the 
deuterium and hydrogen gas evolution rates in otherwise identical cells with heavy water and 
light water would have differed by about a factor of two. Since Professor Huggins makes much 
of the differences he observes between heavy water and light, it seems strange to build in this 
difference in electrolysis rate by operating at constant voltage. 


Laboratory visit . We spent about twenty minutes in a tiny, practically empty laboratory in which 
new experiments were said to be planned. We were shown two sample cells which were 
electrolyzing water, but I gather were not part of an experiment since they were not in a thermal 
bath. Both of the cells shown to us were isolated from the atmosphere by small bubblers which 
contained about an inch of a liquid which looked like diffusion pump oil. One cell had a 
platinum-metal-gauze catalytic recombiner for the evolved oxygen and hydrogen (or deuterium) 
gas. The gases from the other cell were not recombined. About one ml per minute of gas was 
bubbling out of the sell without the catalyst, and no gas was escaping from the cell with the 
catalyst. Professor Huggins says that his group has never bothered to carefully measure the 
volume of the evolved gases to get a cross check on whether there is any recombination within 
the cells without catalysts. 



After some ten minutes, one of the students brought in a thermostated shaker bath, designed for 
biological cell cultures I believe. This bath was said to have been used in the original 
experiments, but I thought I remembered seeing photographs of the cells in a picnic hamper. The 
electrolytic cells were said to have been completely immersed in the constant temperature bath. 
In contrast, the cells used at the University of Utah and at Texas A&M had their tops exposed to 
the laboratory air, which was not kept at constant temperature. If true, this total immersion 
eliminates one of the objections we have had to the calorimeter experiments elsewhere. The tops 
of the cells were closed with black rubber stoppers, penetrated by the necessary electrical leads 
for the calibrating heaters and the electrolysis, and also by a glass tube with a sealed-off bottom 
to serve as a thermocouple well. The rubber stopper and the leads were covered with paraffin 
wax to prevent bath water from leaking into the cell. The cells were not stirred, but Professor 
Huggins claimed that the bubbling and the shaker bath were enough to get rid of thermal 
gradients in the electrolyte. 


All temperature measurements were said to have been made with a single thermocouple. They 
used an electronically compensated thermocouple rather than an ice water bath or some other 
thermostat for the cold junction. I believe the thermocouple was copper-constantan. Because 
different “compensated” thermocouples gave different readings, they made all measurements 
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with a single thermocouple, which they moved from place to place. The thermocouple shown to 
us was held in a white ceramic, double-hole tube, about 2 inches in length and was inserted into a 
Pyrex glass well, perhaps 4 mm in diameter which was immersed in the electrolyte through a 
hole in the black rubber stopper. The ceramic was soaking wet because the glass well had water 
in it to serve as a heat transfer medium. 

What did we learn ? 

1. We saw no operating cells, and we did not see the original laboratory. As an 
experimentalist, I cannot judge the credibility of an experiment without seeing it in operation. 

3. The “sporadicity” reported by Professor Huggins is inconsistent with his other 
viewgraphs, which show a smooth, monotonic increase of the heat output over a period of about 
80 hours in a heavy water cell. 

4. Professor Huggins and his students do not agree on how the experiments were done. 
For this reason we are still not sure how the heat output was measured or how believable the 
claims for “excess power” are. 

5. Professor Huggins is working on a phenomenon which, if real, is as portentious to 
humankind as the discovery of fire (to steal a phrase). Thus, I was astounded at the casualness of 
the Stanford group. Obvious tests like the measurement the volume of the evolved gases, were 
not done, nor were the painstaking searches for systematic errors which characterize a good 
experiment. I could not help comparing the behavior of these prophets of cold fusion with the 
manic, 24-hour-a-day vigils of the high-temperature superconductor pioneers. Roentgen was not 
seen for six months while he worked day and night in his laboratory after his discovery of x rays, 
before telling even his wife. Instead, we have cheerfully credulous press releases. 
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Will Hopper's comments on his visit to 
Texas ASiM University 
with the ERAB Cold Fudion Panel 
on June 19, 1939 


Inspection of the Bockris laboratory . I Was in the -first group to 
visit Bockris 's cold -fusion laboratory. We were shown two 
experiments, the experiments on tritium production and the experiments 

on excess heat production# V0 

The tritium-producing cells . There were close to 20 cells which were 
said to produce tritium. The cells were bn the order o-f 20 ml in 
volume and were similar to large centrifuge cells. The cells were 
closed at the top with a rubber membrane, similar to the type used to 
cover vials of antibiotics for loading hypodermic syringes. Heavy 
water was added to the cells with a hypodermic syringe which was poked 
•through the membrane before injection of the heavy water. The 
syringes were said to be used only once and then discarded. The rubber 
membrane was penetrated by the two wires used to supply the current 
for electrolysis and by a hypodermic needle attached to transparent 
pjastic tubing, about 8 mm in diameter. The plastic tubing led to a 
beaker containing mineral oil through which the gaseous mixture of 
deuterium and oxygen together with heavy-water vapor bubbled up to the 
surrounding atmosphere at rate of a few ml per minute. The escaping 
gases carried with them some heavy water and black oxides of nickel or 
other dirt which were entrained in the escaping gas stream because of 
the frothing of the electrolyte. A good deal of electrolyte and nickel 
oxide or other dirt had accumulated in the beaker beneath the mineral 
oil. I would guess that the beaker contained a few hundred ml of 
dirty electrolyte and a few hundred ml of Oil- John Schiffer pointed 
out that there were two bottles of heavy water from different 
suppliers on the table next to the hood that contained the cells. We 
were assured that the origin of the heavy water was well known and 
recorded for each addition. None of the cells was being monitored for 
heat release, and most were operating in the air although several, 
which were operating with higher currents, were in a water bath to 
provide more effective cooling# 

Host of the cells contained nickel anodes, which Bockris says are 
essential for the production of tritium. The cells had been operating 
for various periods of time, from days to weeks. Cells which had been 
operating for more than a few days were ifilled with a black suspension 
which was said to be oxides of nickel. 

If I understood the cell construction cotrectly, there was a central 
wire of palladium, perhaps 2 mm in diameter, which served as the 
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cathode. Me looked at a sample of the palladium, which was from a 
supplier in Virginia. The anode was a nickel mesh wrapped up into a 
cylindrical shape and held away from the palladium cathode by red 
rubber spacers which could be seen at the top and bottom of the 
electrode assembly. I don't ,know about the chemical stability of 
rubber in the highly alkaline electrolyte of these experiments, but I 
would be surprised if some of ..the rubber and glass was not leached 
away during the course of the experiments. Goodness knows what was in 
the solutions which were added to the tritium— counting cocktail, but 
it seems quite likely that there were transition metal oxides and 
various organic decomposition products from the rubber spacers which 
might have been involved in slow chemiluminescent reactions. 

Access to the tritium production cells . There appeared to be no 
control of access to the any of the Bockris experiments. They were 
located in a large laboratory which contained desks for many graduate 
students, many of whom were working away during our visit. I don't 
think that there is any way to be sure that the tritium producing 
cells were not "spiked" by someone. 

Neutron activation . If tritium were really produced by d-d fusion 
reactions, a comparable number taf neutrons would have been released if 
the usual branching ratios for the fusion reaction hold. If so, 
neutron activation products should be readily detectable in the 
surrounding pieces of apparatus. An example is neutron capture by 
5E3C Na to yield which decays with very characteristic gamma rays 

and is often used to determine the dose to humans who have 
inadvertently been exposed to neutrons. Host glass, including pyrex 
glass from which the cells were probably made, contains several per 
cent sodium oxide as a flux. Sodium actii/ation produces a rather 
short-lived diagnostic gamma ray. I do not have a table of isotopes 
and neutron cross sections available to me so 1 cannot give examples, 
but I suspect that one could find longer-lived neutron activation 
products which could serve as a retroactive test for neutrons 
released from the tritium— generating cells- For example, there may be 
convenient neutron activation products from the the nickel and 
palladium electrodes. 

The heat-producing cells . We also inspected two cells which were said 
to sporadically generate excess heat. These cells were much bigger 
than the cells used far tritium production , perhaps 5 cm in diameter 
and containing around 100 ml of solution* They had a styrofoam plug 
at the top, and this was penetrated by a pair of leads for the 
electrodes and a pair of leads for the calibrating heater , which was a 
commercial cartridge heater in a glass tube to keep it dry. The 
cells were taig enough to contain a plastic— coated iron stirrer on the 
bottom, which was spinning away while being driven by two magnetic 
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stirring devices located below the water bath. The plug was also 
penetrated by cownercial thermistor probes* There was a single 
thermistor in one cell, and there were two thermistors in the other. 
The electrolytic cell was placed inside a larger-diameter cell which 
was immersed in the thermostatic bath. The spacing between the outer 
jacket and the cell was on the. order of 8 mm, and the electrolytic 
cell was loosely held in position by two rings of plastic tubing, 
about 3 cm apart, near the top and bottom of the electrolytic cell. 
Except for the plastic spacer, the volume between the electrolytic 
cell and the jacket was filled with air. The thermostatic bath was 
filled with water at about room temperature and covered with small 
ping-pong balls to reduce evaporation. 


Thermal coupling to air . It was not clear whL the thermal coupling 

to the laboratory air was negligible compared to the coupling to the 
bath. A large area of the electrolytic cell was directly exposed to 
the air, and when X put my finger on the plastic plug, I noticed that 
it and the surrounding glass at the top of the cell were noticeably 
warm. I have no doubt that significant convection currents are 
carrying warm air out of the tap of the cells, and it is not clear how 
much heat is flowing into the room air and how much is flowing into 
the bath. More importantly, however, I was very surprised to find 
that the cell moved freely when I touched it, about which more below. 

Loose fittings . The electrolytic cells fit very loosely in the jacket, 
and very minor fiddling with the wires was enough to seriously tilt 
the cell from one side of the jacket to the other. I estimate that 
the motion was typically about 5 mm. We asked one of the people who 
normally work on the experiment to show us how he added heavy water to 
the cell. He used a large and frightening hypodermic syringe, and it 
was necessary for him to remove a rubber stopper from the top of the 
cell to allow him to insert the needle at the syringe. In the 
process, Norman Ramsey noticed that there was about a 10X change in 
the reading of the thermistor on the chart paper. I had earlier 
noticed that by shaking the wires it was possible to change the chart 
paper readings by around 10X in either direction, since everything was 
so loosely fitting. Once made, a change in the calibration was 
constant until someone jiggled the wires again. While inspecting the 
laboratory notebooks, we saw examples of both "excess heat" and less— 
talked— about “deficit heat," both on the order of lOX of the nominal 
values. Someone, Allen Bard I believe, pointed out that the "excess 
heat" production reported by the Bockris group can not be 
distinguished from the effects of changes in the calibration of the 
calorimeter due to jiggling of the cell Within the jacket. 

Visit fr«-» the ftonl eb v— 5r ini vasan laboratory . I was in the second group 
to visit the Appleby^Srini vasan laboratory. Their work is based on 
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studies of electrolytic cells in a commercial microcalorimeter. They 
claim to observe sporadic generation of excess heat. They have never 
seen any tritium production* although I gather that they have looked 
for it. The data that they present in viewgraphs looks "raw" but in 
fact it is heavily massaged and supplied with plausible looking 
"noise." We were permitted to inspect dome of the chart paper from 
which the viewgraphs were made, and my judgement is that the "excess 
heat” is in the noise. Bruce Miller, who spent more time than I did 
looking at the charts says that the "exdess heat" generation is 
inferred from changes in the cell., voltage. There is almost no change 
in the heat output. 

Conducting cell walls . A serious, probled with the earlier experiments 
was that the walls of the cell were stainless steel. Although Appleby 
Claims that there is no net current to tihe stainless steel cell 
jacket, there is no way to estimate how much the currents carried 
through the conducting walls of the cell and indeed through the rest 
of the calorimeter, which is massive (several pounds) of aluminum 
blocks pressing up against the stainless steel sample cell. Cells with 
insulating teflon coatings are now being prepared, but I was not sure 
whether any had been used yet , and i f sol whether any of the gave 
excess heat. 

Black-box calorimeter . It was very difficult to know what was going 
on in the microcalorimeter . The device 'was originally built to 
measure the heat lass attending the self discharge of commercial 
batteries, and it needed some modification to permit it to be loaded 
with electrolytic cells. Appleby et. al'. do not know how the 
calorimeter works, but they are in the process of trying to get mare 
information about it from the original bUilder. For example, they do 
not know where the calibrating resistors are located, they do not know 
how the thermopiles are arranged in the instrument or whether the 
thermopile voltage or current is measured. They think it is the 
voltage, but it it not clear from any dotumentation. The samples are 
also very well hidden inside many layers of insulation once the 
calorimeter is loaded, so no one can know what is going on in the 
cells. You can't just look inside as ydu can with the Bockris cells. 

What did we learn? 

1. The Bockris calorimeter is too loosely put together to be 
trusted. I don't think any excess heat was observed. 

2. The Bockris tritium results are !a mystery. 

3. Mane of Bockris ° s colleagues has seen tritium. 

4. There is no evidence for the neutrons which should have been 
produced along with the tritium. Someone should look for neutron 
activation products. 
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5 . The controls -for the tritium experiment are very poor* Many 

people have access to the experiment, and no one =° n ar t i c i pate 

charge. Bockris told us himself that he had many people participate 

in the experiments, so who knows what happened. e ^ e . over the 

handwritten poster with instructions on how to record data over the 
hood in which the tritium experiment is done, presurtta y 
benefit of part-time helpers in the wee hours of 

participated myself in a few practical jokes on senior / no 

deserved it) when I was a graduate student and post doc, I 

confidence that the experiment is secure r™ , oro bably 

6 . The samples drawn out of the tritium-producing cells P™ably 
contain organic decomposition products of the rubber s opper as 

as various transition metal compounds from the nickel ® ® c ^ 
does this imply for chemiluminescence in the scintillator cock 

7. The Appleby-Brinivasan experiments are based on a poorly 

understood calorimeter and on signals which are very close to e 
noise. The stainless steel cell walls can carry current and may have 
shorted out, for example by frothing, some of the cell resis * it 

thereby making the power input to the electrolysis seem less. Since 

is not passible to look inside the microcalorimeter no one could 
check. 
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SM* sp paA-ias qaxqw ‘jaqawFtp ut aui z sdpqjad ‘uinippxi^d aj ? M 
TP j^U33 p SEN ajaqq ‘AxgaaJ-jo=> uoi^DOJ^sUoa T I 33 a M^ pooqsjapun i qi 


j.o ssptxo aq aq. pres s«m qDiqM 
uot^uadsns ^ ijqiM P^IlTJj* SJ3M sA^p Ma^ ^ Gut^B-Jada 

usaq DEi) qoxqM sxxea -s^aaM aq sAap uioj* ‘SUJtq J-o spoxjad sratJPA -»o* 
Bui^pjado uaaq p*q snao am -uinxqtjq go uoxqanpOJd aqq jo* x a Tq uassa 
j 3 jb sAps stJqaog qaxqw ‘sapoup pauxpquoo a d* *° ^ S °W 


-Buxxooo aAxqoagga sjoui apjAOjd 
oi q^pq jaqPM x? ut ajaM ‘s^uaJJna jaqBxq M1T M Butq^-Jado ajani q 3 TM« 
t T CjaAas qBnoq^[E jie aqq ui But^EJado a jaw qsam pup ‘aseaiaJ 
joj. pa^pqxuoui Buxaq spm sxx a3 aqq go auON -uoxqxppF q=> aa Jog papjooaj 
pua umou^ xiawi sem AA?aq aqq go ut&TJO aqq qt?qq pajnssE aJSM 

sm -ST Tap aqq pauxpquod qaqq pooq aqq oq q* au aiqwq a uq ucj sjaxxddns 
qua jagg |p tiiojg ja^EM AapoM go saxqqoq cw*q bjsm ajaqq q a qq qno 
pe^UTOd jaggxqus uqor -ito go X" pa-»punq hbj p pus a q*XOJq 3a T a /: HTP 
+o tui pajpunq Mag s pautequoa ja? |oaq aqq qcqq ssanB Pinon i *IT° 
TPjauxui aqq qqpauaq ja^paq aqq ut paqe x^umaae paq q->TP -* a M}° JD eptxo 
tasjatu pup aqAxo-»q 3a I a go iPap pooB y •aqAx°- J ^ 3a X a a M} *° Butqqojg a Mq 
i D asneuaq uipajqs spB Butdeosa aqq UT pauxPJqua sjsm qPtqM qJ7P jaqqo 
jo taxotu go saptxo ^dfx^ P ue JaqeM AAaaq auias tnaqq qqiw psuJEa saseo 
Buxdposa aqi *aqnuxui jad tw e g° aq*.#^* q® ajaqdsouiqp Butpunojjns 

a „i Di dn patqqnq jodEA jaqpM-AAPaq qqiM jaqqaBoq uaBAxo pup uinxja^nap 
io ajnqxxui snoasoB aqq qa^qM qBnojqq XT a x 3 - jau 7 ,u Bututequoa jsjftgsci 
p oi paT BUTqnq ox^said aqj. 'js^aoiBxp ux uiul 8 qnoqp *Butqnq ax^SFtd 
luajffdsuEJx oq paqapqqp axp aau axouapodAq a Aq pup sxsAtOJqaaxa JOf 
i uajJ D 3 sqq Axddns pasn saJtM om} aqq Aq paqpjqauad sen aupjquiaui 
jaqqnj aqj. -papjpasxp uaqq pup aauo Axuo pasn aq pxps ajaM aa&UXjAs 
aq i -ja^PM AAeaq aqq J-o uotqoarux aJOJ-aq aupjquiaui aq^ q6nojq^ 
paxod spM qaxqM aButJAs axuMapodAq p qqtM sxx a3 oq pappp spm ja}P« 

Aapsh -saBuxjAs oxuijapodAq fiuxpeox JO* sax^oxqxq-UP j - o sx^ta jaAoa 
01 D35 n adAq aqq oq JPXT" 1 ?® ‘aupjqmam jeqqru p qqxM doq aqq qp pasoxa 
sjaH axx a3 -511®= afinqijqua^ aBJ*x -i a XT«»T= a ^ a « a “ n I OA 

ux Tin OS Jsp-io aqq up ajaM «xl aa am •anxqTJg aanpQJd oq pxps 
ajaM qaxqM sxt a3 OS D: T 350 IP ajaqx * s TT a:i DuxanpPJO-uinxqx jq a m. 


squauixjadxa aqq pup uoxqanpajd 
oMq UMoqs ajaM 
oq dnojB qsJXj. aqq ut spm 


•uoxqonpojd qsaq ssajxa uo 
uinxqTjq uo squauitJadxa aqq ‘squauix jadxa 
‘•Ajoqpjoqax uoxsrtg px° 3 s^stj^jo g qT^xA 
1 ■Ajoqpjoqpi sxj?|adg aqq qo uaxqaaasux 


6B6T 4 6I a «"r uo 

xausd uoxpnj px°d gyya a Mq qq? M 

Aq tpjaAXUfi WW sexai 
oq qxsxA stq uo squaimuoo s^Jaddaq xiTM 
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mqsuBew o«q Aq uaAUp Butaq aim* Abmp Butuu^ds spm qotqM ‘woqqoq 
jajJiqs UOJt paqpoo-StqsPld p Mfinnua 6 ? q 

BUI -Ajp qi da** oq aqnq ssteiB p ui jaqpsq aBpxjqJPo T ei3^ie«JWD3 
e sew U 3 tv|m ‘jaqpaq 6uiqpjqiX*P aqq -J°f sppat *° J ? pd * pue sapDjpaia 
aqq jo* sppai *o -.tBd p Aq paqpjqauad SPM sxqq pu* ‘dnq aqq qp 
Bn id uiPO#.ojAqs p ppq Asm <UO*qnxos fo xw 00T pUTOJP fiuiuipqUOO pup 
jaqauiptp ut u»3 s sdaqjsd ‘uqiqonpojd uiniqjjq pasn alias aq^ 

jJfifiiq qanw a-ia« sues asaqi -qPaq ssaaxa aqg-jauaB AiiBSTpeJods oq 
Pt«s sj3m qsiqM sttaa ohi paqaadsux osxp SM b^^poja-i^^s '"‘•A 

•sapojiDats ttinxpBiiBd 
put aqq sqi woj* sqonpOJd uoi^ai^ uojqnau quaiuaAuaa 

sq A*w sjaqq ‘aidWPxa joj -sttas 6uTqpjsua6-wnTqTjq aqq woj* paSPSiaJ 
suojinau JOf qssq aAiqoPOJqaJ a sp SAJas PXTKo qstqw sqanpojd 
uoxiFAtaDP uojqnau paATi-jaBuot pux* Pinoa aoa qpqq qoadsns i qnq 
‘saTduip xa saiB qouueo j os aw oq aiqeitBAe suoxqsas sso^o uojqnau pup 
sadoqosi +o arqpq p sapij qqu op I *Apj pwujpB aiqsouGetp psAt T -qjoqs 
jauipj p seanpoJd uoiqp^xqsp uinTpog -xnT± a sp apixo wnipos quao 
js d iPjaAas suxpquoa ‘appw A t qpqOJd a-iaw snao sqq qsiqn u^uf 5 S p X B 
xajAd Buipiuaut ‘sspiB -suojqnau oq pasodxa uaaq AxquaqjaAppux 

aAPq oqM supwnq oq asop aqq autwjaqap oq pasn uaq#-o st pup 
bApj puiuipB 3ii5TJai3EJe43 Ajsa qqiM sApoap qaiqw PN*a: PT s T^ ^Nsaa 

Aq ajnqdpa uo-iqnau st axdippxa up -snqpjpddp *o saasid Buipunojjns 
aqq ui atqpqosqsp AnpeaJ aq pinoqs sqanpojd UQxqPAiqop uojqnau 
‘os 4 .T ’Pioq uotqasaJ uaianj. aqq -ioq soxqpj Buiqqu^jq xpnsn aqq 
*t paapaiaj uaaq sap H PtnoM suojqnau *o -isqumu aiqPJPdu.03 a 
*' uo iei»|- p-p Aq paanpoJd Aiipsj 3J3M umtqxjq *1 •uo T qpAiq3P uojqna N 

-auoauias Aq ^pa^jTds. ^ou a^iaM stt a3 

Buisnpo-ld ttintqiJq aqq qaqq a-ms aq oq Apm Aup si a-iaqq qaqq ^u?qq 
■X uop I -qisiA jdo Buxjnp Buijjjom a-ia« uioqM j-o Aupui squapnqs 

aqaripp.jB Aubiu jo#, sjjsap pauipquoo qoxq»* AjoqpJoqBl afijei w ui paqpoot 
ajaM Asqi *squ 3 «iiJ 3 dx 3 ST-»|3oa aqq #o Aue aqq oq ssaoop #-o lojquoo 
ou aq oq pajaaddB ajaqj. *snas uoiqpnpoja lunxq'ijq aqq oq ssassy 

-suotqDPSJ quaasauiBmiTwaqq mois ui p»aAXOAUi uaaq aAPq qqftiw 
qaiqM BJSoadS jaqqnj aqq sqanpojd uotqisoduiooap siupBjo 

pup sapixo iB^rnm uoiqxsuejq aja« ajaqq ***** 

qnq ‘iipqxaoo Buiqunoa-Uinxqijq aqq oq P»PP® a^iau qsiqM suoiqnxos aqq 
ui spm qpqM swouij sssupooB -squaui ijadXB aqq j^o asjnoo aqq Buxjnp Apmp 
' paqspax q°u spm ssp T & pu® jaqqnj aqq *o auras #.| pastJdjns aq pinoM 
T qnq ‘ squaw TJadxa asaqq #.o aqA lOJqsaia autlPqiP AxqBiq sqq «? Jaqqnj 
xo Aqi T iqpqs T «™^=> VW "° u * op 1 ^ !<»«**»»» spojqaaia 

auq +o tuoqqoq pus doq sqq qe uaas aq pinoa qotqw sjaapds jaqqnj 
paJ Aq apoqqao wniponpd aqq woj* Apmp piaq PUP sdpqs i^X^pujlAD 
s oqui dn paddejw qsam lasjoip P sph apoUP aqi -ptutfiJiA u? 

9 iLojj. sbm qaxqM ‘wmppxiPd aidureS e qp paqoox a M -apoqqpa 
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uo pasBq si >|jom Jiaqx - AqoqgJoqgl ugsgAiui gL l3 ^T 5 I A 
dnnj6 puooas aqq til sbm j Jo^'e Jotj? f upspa i u i jg-Aqa iday a, -jq q I s ?/\ 


■ 43 ^ 3 Pf aq^ |{a3 3i|^ j-o DuxxBBtr oq sup jaqauiTJO'jga 

aqq. qo uo^ejqiies sq^ ut safiu^q^ fo a MT atDJ J' pacjs'jnfiuiqstp 

aq qou UF 3 dnojG aqq Aq psqjodaj udn 3 * 1 !®- 1 ^ nq 3a M 

ssa 3 xa„ ©qq qgqq qno papuxqd ‘sAatiaq I P-J^S uany ‘auoauios 'san^FA 
^fu iuiou aq^ qo XOl qo Japjo qqq uo q^oq « * ^T^Ti^Pn qnoqB— pasj xeq 
_ S5S j puc „qBaq ssaaxe,, qqnq qo ssidmexa mbs bm ‘S5|aoqaqou A joqs joq? I 
eq q fiuiqoadsux auqM -uifBf saJjM aqq paiBBxr auosmas I?qun quBqsuoo 
sbm uaiqBjqiiBa aqx ut aBuxqs e *apBui souq "Butqqix A|asoot os 
sbm BuxqqAjaAa aauts ‘uotqDaJtp Jaqqxa ut %0T punoja Aq sfiuxpeaj jaded 
q.J®qa aq^ a&ueqa oq axqtssod sbm qx sajtM aqq Blitqaqs Aq qgqq paoxqou 
JSItJ® 3 peq I ’jsded qjgqo aqq UO joqsxuuaqq aqq qo fiuxpeaj aqq 
ux afiugqp Xot * qnoqg sbm ajaqq qeqq paoxqDU Aasiusy ubuijon ‘ssanojd 
aqq uf *a5uXjAs aqq qo axpaau aqq qjasuq aq mxq moxx 3 q 3 IT 33 
eqq qo daq aqq uiojq jaddoqs Jaqqn-J g baduisj oq uixq JO* Ajbss aoau sbm 
qt pus ‘©BuxjAs JiuiJapodAq fiuiuaqqBxjq pUB afiJBl b pasn ay * XX s3 
D q jaqBM AABaq pappg aq Moq sn Moqs oq quaint jadxa aqq uo sjjom Aubiujou 
oqM a|doad aqq qo auo pa^se aj^ *ujui g qnoqB AxigotdAq SBM uoxqoui aqq 
qBqq aqBWt^ ss 1 "jaqqo aqq oq qa>|3gr aqq J-o s>PT s 3UQ utojq tt® 3 aqq 
qXTq Axsnoxjas oq q&noua s»m so-itm aqq qqtM Buxxppxq jouiih Ajsa ptm 
*qai|OBf aqq ux Aiasoox Ajha qxq sxx 33 oxqAxcuq^st 3 a MJL “SBUtqqiq asooq 

•HO^aq ajoui qatqx qnoqB *qx paqonoq x usqM A|3ajj psAoiu xxaa 3 Mq q 3 Mq 
puxq oq pasxjdjnS Ajsa sbm i ‘jaAaMDq * A iqugq Jodiu T sjow *qqBq aqq 
oquj fiuxMoxq si qaniu Moq pu» jib ujooj aqq oquq ButMO|* St qsaq qoniu 
Moq jea^p qou si qt puB *snaa 3l O t° do * ai tt *° ^ no J T 3 »» jeM BuxAjjsa 
ajB squajJna uoiqoaAuoo quBatqxuBts qeqq qqnop ou SAB M I ' BJPH 
Axqsaoxqou sjsm aqq JQ doq aqq qw ssB jfi Buxpunnjjns 3 MT puB qx 

qeqq peoxqou i *Bnxd axqsBid aqq uo-jaBux# Am qnd J uaqM pus *jxb aqq 
oq pasodxa Atqos-JTP sbm naa axqAlQjqoata aqq qo bbjb sBjbx tf 
aqq oq fiuixdnoa aqq oq pa-«Bdu»ao axqtBxxBeu stg ™ AjoqBJoqBX aqq oq 

Buxxdnos iBuuaqq aqq jaqqaqM JBaio qou sbm qj -jib b^PUixa 333 XBiujaqi 


\e> - uo xqe JodBAa aanpaj oq six^q Buod-Butd 

XXBUis qqiM pajaAO^ pue a jiyiqB jadiuaq ujcjoj qnoqB qa jaqBM qqtM pa I T x q 
sbm qqgq otqBqsoujjaqq aqx *jtb qqtM panH sbm qa^nBl" aqq puB nao 
oxqAxOjqsat 3 ®qq uaaMqaq aiunxoA sqq ‘jaacds oxqsB{d aqq -ioq qdaoxg 
•XX 33 oxqAxojqoat 3 a Mq f° “ ,o qq°b P ua da ^ at *q Jrau ‘qJBdB «uo £ qnoqB 
♦fiuxqnq oxqsBid f-o sButj oMq Aq uotqt^od UT PI 3 q Aiasoox sbm xxao 
o xqA to jqoaia aqq pus *un» g qo japjo aqq uo sbm tt 33 P ue ^ as l 3e r 

jaqpp aqq uaaMqaq &ux3Bds aqx ‘qqeq STqBqsouuaqq aqq ux pasdauiwx sbm 
qotqM xi a3 jaqamBxp— jaBJBx B apxsut papBxd sbm XX s3 oxqAxojposta aqx 
•jaqqo aqq ui sjoqsxajaqq OMq aJaM ajaqq pub *1133 auo ux joqsxuuaqq 
ai&uxs b sbm ajaqx *saqo- 4 d -JoqsTUuaqq i®pja«t#io3 Aq paqsjqauad 
osib sbm Bnid aqx -qqeq JaqBM aqq Moxaq paqBoOt saDTAap Buxjjxqs 
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-s}onpojd uDi^BAi^ae 

uoj}nsu -joj. ^oat p tnaqs auaauas. *uinT}fJ} aq} q}TM GuDfe paunpaJd 
uaaq aAeq pxnoqs qaxqM suoj^nsu aq} jqj- aauapxAa ou sf ajaq} 

■umTqtjq uaas seq sanBea \ foa j-o auoty *£ 

*Aja}sZuj e| sjp a^[nssj sin^u^ sij^og aq} *£ 
'paAJSSqO 5BH 5533)0 Aup Jjuxqq. }, uop I *p3TSTljq 

aq o} jpq}sBo} }nd / xasoa | ocj} si J3)3HiJOi?3 STJ^oag sqj. - j 

iUJFax 3M pip }pqft 

*Bxia3 sxjijoag aq} q}iM upo n°/ sp aptsux 3joo| qsnr j.uea noA *&xi a3 
aq} ox uo 6 uto6 si ^equ mousj ued auo ou os *papeox si js^siuijo^s 
aq} aaua uot^einsui j-a sjsAp^ Aura aptsut uappxq xi aM Ajsa asp 
3JE sa|dtues am -uax}e}uaum}op /up tuojf jea 13) }ou }T }i }nq *a6p}xoA 
aq} si }T >juxq} /aqi -piajnspaw ST ^usjjns jo a&e}t OA at?douuaq} 
aq} jaq}aqM jo }uaumj}sux aq} ux paBupjjp ajp saixdotujaq} aq} Moq 
mduj) }oo op /aq} *pa}FOO| 3J? |Sjo}S|ssj Bux}ejqx x^ 3 aq} ajaqa mousj }ou 
op /sq} ‘axdurexa joj *japxTnq XPUtBtJO aq} aoJj. }t }nnqp uoip}ei»jo j-ux 
ajoui }afi o} fiuj/j} j-o ssaooj|d aq} ux ajc /aq} }nq *s)|jom ja}atux 

aq} Moq mou} }Ou op ■•!© *}a Zqaiddy ‘Sipa O|}/xoj}jaxa q}xw 
pappox aq o} } x }xuuad o} upi}eoT} ipow awos papaau }x pup *saxja}}pq 
XPxajaaiuoo }o afijeqostp }t ss 3 M} 8uxpua}}P ssox }Paq aq} ajnspatu 
O} }xxnq /xxpuiBxjo spmi aotAep aq} ■ js}eax jo ipoojotui aq} ut uo 
Buio6 sipm }pqw mOUsj o} }xnox,}}xp Zj3a spm }j ■ja}awt'jox#3 xbq-^oetll 

■}PSq 5533X5 

bap& aq} j-a /up jaqqaqM ps } x pup * }aZ pasn uaaq ppq /up jaq}aqM 
a job }ou sum x } n q ‘psjedsjd Butaq mdu ajp sBux}POo uOj}a} 5ux}pxnsux 
q}TM sxi s 3 *ltao axdutes ^aa^s esa|utP}s aq} }suxpBp dn Buxssajd ssfooxq 
wnuxiunxp j-o (spunod x E - iSA P s ) satssuiii si qoxqM 1 jaqawi joxpo aq} }o 
}saj aq} q6nojq} paapux pup x I 33 3 M} }0 sxx® M 6ut}onpuoo aq} qBnojq} 
paxjjpo s}oajJn3 aq} qsnur Moq a}«w t }sa o} Ze« ou si ajaq} *}a>ppr 
XX a => I 33 } 5 ssaxuxe}s a MR o} }U3 jJto }su du si ajaq} }pq} suite to 
/qaxddy q&noq} xy - X s3 } 3 ssaxU;fP}S sjbm XI 33 3L i} j-o aq} }eq} sum 

s}uaaxjadKa jaxxjea aq} q}iM paxqojd snoijas y -supm naa Dux}onpuo 3 

*}nd}r»o }eaq aq} ux 

abueqo ou }sou>xe sf ajaqi -ape}xoA -XTaa sq} ut saBueqa aoj} pajjaj-ux 
sx uo t}p jauaB „}aaq ssapxa., aq} }t?q} s/^s S}J«qa aq} }e Buxjjoox 
pxp i ueq} aiut} ajout }uads oqM * jan!H aonjg ■ssiou aq} ut si „}eaq 
ssa 3 xa„ aq} }eq} st }uauiaBpn|T /a pup i apeu> ajam sqdejBMaxA aq} qjxqM 
ojdj} jaded }jeqa aq} }o awop }aadsut o} pa}} luusd sjsm sm ,,-asxou,. 

Bux^oox sxqisnexd q}XM pa j xddns pup paBpssaui /x?APaq sf }j }3P} 
ut }nq u mpj„ 53|aa x 5qdejfiMa|XA ux }uasajd /aq} }pq} ®}»p aq} -}T joj. 
pasjoox aA?q /aq} }®q} Jaq}PB; I qBnoq}XP *uoi}onpojd tunx}xj} /up uaas 
jsasu aAeq /aq} ’}eaq ssaojta j-o uot}PJaua6 oxppjods aAjasqo O} atex 3 
/aq} ■ ja}awxjoxeoojoxw x c X 3J P a,U103 ® U T sxx 33 ox}/xoj}oa|a }o saxpn}s 
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At jood » uo paspq a-ie squauiT-Jadxa upscAtUf-JS-Aqaid V a MA L 
ilTF^soa jaqeuxqujss am ux asuassautu.nixu.aMa -»o* Atd “ T *!*! 
ixum -appeals t s>l=»™ aqq uios* spunoduios t*V»" uowisw^ snoiJ*A » 
^ ™ JdoJq. Jqq nJ «» t u ,q=npOdd U.„^dK. M p u,pquo 3 

ATOPaojd s XX au fiuxsnpo-id-u>nTqx-iq am *° l n ° UM*jp saiduias aiU 9 
AiqFqo-id »H« “ ' _£ xvt .oj/ajnaas sx quau.x.iadxa aqq q*qq aauapx^uos 

ou aAX?u T ‘sop’ssod pua quapnqs a^anpcjB B sx?m I uaqM m paAJasap 

oq„, «u£» t Ld l^as uo , a qof t «„o.od . u - 

^ Butafw •SUB xU am *° s-inoiq ssm aqq ux s-iad X aq au*xq-qsBd j-o 

aux jpI xiqFu.nsa-.d ‘auop sx quau.T-.adxa umiqxjq aqq qstq» ut pooq 
*2 a ° q MOM uO suc.xqsn-.qsut qqx« saqsod uaqqxsapuFM 
4 * e stsjam ^pauaddeq q<?q M smousj oqw os ‘squatux-iadxa am U T 

as.Fdi3TS.-iBd aidosd Auau. pW aq q*qq qiasuixq sn p T oq st-nisoa ' a6 j BM 2 
1 ■ui aq arUa aua ou pua ‘queu. T -.adxa aqq oq ssassB *a.u »idoad 
AufM * jood Ajba a-ne quauixjadxa u>nxqxJq aqq J°J- s X o-iquos aq± S 


** TOTAL PAGE. 006 ** 


-1- 


Srft ypd .Ryot J_LAfiL ( £■. S-f^j ) 

7 ^~ Xe*i>t tjfi p'o^jjr^ Z/ a /AX 

&.*$. _ITU]j J7j fifi . j tfid EAd - Jfi * ^ a A ft/v L. fir c^bo^t 

1 ° Ail Sc r ss A/_f Z.fyH'rl '*- f X-t /kCl jP \r% /‘ t-CV e/ fi , 7yV , 

Th* L~J*.r C*"-AKj </ fa-Ciy JZ.ec/ J~f *\Jt^ 6t/Ao n D W> J-^kvfy 

<t_5 Lfa A^L c« /</ /*. j i'© h C* or/ •'«*/* r , ~JL Ljxs aej^fiy y/J O v%/ Pl -“T. rc tr. *1 

T.("C„l -J Oyti vn bt fi ( -f, Q/fk t fyrtJJc/ 

sfcfi c Lf*+\ at fiu.j~ 5Y c,r »^j' * mfe./ /Uc^tckee/ *_•/ yefi 

0. LPi/^Lr y Tt*.r *•<_*/€«/. (?ffj'c('*l r^Tr/j jfi * r~\ S7Zi+.c 2° 

'Zr^.Jy ~i <\ rt <cfr*-cli t *( • 

L I /jjifi/ Sj-Dr^s zf k\s fib Jet uJ ft-JL. S <1 ^ 

irjk'ck ‘ S 9h\l 0t C3* l "J * \~>tr£ ^ ke.fi 0 v-^, 0< . t C< //_T 

— V-y cf fkc t <£/■ -S’- Jdh? Jfj ^(r tC-//’ <?. £ , &-C.K 

Cf if J J C p\ust-> C fijtft klu fJ\ rubber a.v\ A. ~f\r o /nj*. 

JecUs fi (i) * se-q^cMd** 

di-SC caV i*/c *.(> 0iA f:U \ iAjck fC^Yj tjfiikt/ jw fUli'-iHw uJi + t' 

X fi G-tkv "fiv.'f C. / £ 0 1^'I‘C « YA.rujf~ o / ~/Ka f LJO*h 

hts bit* 1* sfidy V/fJL rcd'.DS vs. fU± IV . 

/>?cs ArC fijt/ 6.i~ l~PML by J/ or*i^ *.*./ fotAf ee‘lc t -*‘j fi » - 

^po u*/tr . ~ft\Cyr fi+.4 fijK V* >h <s ffifs S~^oJfs y a*J 

h'jlt* S& P/PJ re.j ; 05 ;> J^rAcrr GK fctj t "jujfi '/<-/ v 

^ J ~ vtfi rd*6S exccc/i'y u*ifj y vyt fi A3 

^vefix^c 4.vercy€ / i^iesur t/ u/fjffiyj (*<./t/ P//i'sc uj r. d^c 

d r fi‘ V .'** ^ k< ^)r 72-e re//jr ^r^kcy^'/Zu SEJM'S, 

T bcjtevtj chA *C4.cl ic/ y. 0 y ' putir ci«ty/y k<Afi r '' tS 

ltr£ he ire Co ^ ^ ^ » 



2 


TU '--*s © I «fs_ 3 W g r-^ ' 

J \\.—Cn If Z~- -9 **T o f- JTLL cCLs Acr * e 2 j^iA •* *** . S hores 

/IaJ n «l£_ i ^ *\ Cl ip [e j* j tffJy i t ft ^vfyy fyf<f % y y C r 

Z i ~Tk * <^^ 1/ /go > fen ^ «. (_ A^ *o 

^ b*c fcj rtuit, «/ 3 s^ /o x /% fj j)^V ) 

3 . Co Uf< t' * Cuf J * ^ C<fy\oj~ be r^fcej 6t^f~ 

( fJ /**'/’■ 7 ** 0&5&ir\/?af / £ &(-& y £ )*y'fo 3%-*— 

^L\_ <% 4 V^ 

^Lj /*\€r-t u,eri n < 0 fU.K yP^lo^r A %*'J f 

/*W <1 kn^/Ay JvVf*V^ jVijs'jit' A/ /.i+ed\ ^.cc^rfH^^tr 

<< v*c r* *i ctn n y (/ -A* i/<r ■#£*-<; </Y c A *y 

(3) Sk^r-fLy ciffe^ /efcrfi'+j ftriftM ^yfU iy uj*-s 

-t'£v'trj-c p ( 3° - Z*H%,k"t-PGb «1*\'0 J( o <-A( A 

.1 « > . . t^. V i I ( 


^ **€. ►-* 4l /■* l'*J I *f» ,.ft* ^ ^ 

v/ sL/ . j J • .. I _ . / ' 'N . 4 


K° wc_ r* 


9 ucty 'fA.^ ■f’Kt , ')‘v l ^*H \e.^e\ /V ~T> Z 0 y »/ Ho'f- ,\crc9j-C^ 

1KU 4j etr<V<KCC * / S^rf* C< t°-> 

^ i"t CoiA 1/ us c. } ( -ittn >-i ■<> JVg, ^u.^f * *n ,\ Z\"h*-J 

ft tiik' r fcf s 

(yj TU is /*c3</ j'*fLe. TSTft -f*c /l*K uAck. 

Cu-ri'fj of /r'/'/’/V-w tjC>S~f 
(f) Tt3 d‘-* cs eirt (friy+rt/ / ^ fk tf bu , 1 3 ‘'f 

^j^TAd 2. f'SCj /e<ffj fk3~ sk* w// ’fr'i'bi* vv^t*“ < — 

j? *- *-(pt\. **eJl yT_ <f~ Tf~*-*' ( U~ 

(*f) 3 f '**■* Ts t ft /*]* * *y 3*h 3U fot3 *' /, ' a */*' # 'v 

yCo »vv Ki f l H J Ci c^jL\^ck * * • f* r '£ '^fou/ti'C 

fC *'tlw</ey "/A. « 

/a ^u.tjf>e>^ /q *t fTo Ct(f *f-° ° 4-J *h/'-n 

r-/« '^Cxs-.'c ) — . /> j>*, 4 A, €a 't'yffcf 6. u *sMe*s»'y A»V r°**T 

feftt- Ca.ff'A'" c[c«.*?-y 1 f t> kT~ y^/ * ^\ H&Y ft'ft*- *— J 

b\< i*n C-v I 



Los Alamos National Laboratory 
Los Alamos/slew Mexico 87545 


memorandum 


TO: 

FROM: 

SYMBOL 

SUBJECT: 



Reed Jensen, ADR, MS-A114 dot June 30, 1989 

Charles Orth, INC-11, MS-J514^° MAIL STOP/TELEPHONE: J514/7-4785 

M331TX9 

REPORT ON “COLD FUSION” ACTIVITIES AT LOS ALAMOS - June 24 to June 30, 1989 


An experiment to test the reproducibility of generating small neutron bursts from a 
pressurized D 2 gas bottle containing Titanium-662 alloy (Ti with 6% Al, 6% V and 
2% Sn) at room temperature produced four short-lived bursts ranging from 30 to 100 
neutrons from the source. Plans are now underway to run normal hydrogen control 
experiments and to use DT gas as soon as the safety aspects can be resolved. 


In an earlier report it was noted that small bursts of neutrons were detected from a group 
of six Jones-type electrochemical cells with V, Pd or fused Pd-Ti alloy cathodes, being 
operated simultaneously within a neutron well counter. This week a single Pd-Ti alloy 
cell was run in the well counter but neutron bursts were not observed. This suggests, 
but does not prove, that this type of cathode was not responsible for the previously 
reported bursts. 

A Pd cathode with a sulfided surface v was prepared in the same manner as the two 
cathodes that appeared to previously produce tritium, and it was electrolyzed while in 
a neutron well counter. Neither significant tritium buildup nor excess neutrons was 
observed. However, a thin deposit of lead and copper from dissolution of a solder joint 
at the top of the cell was later found on the surface of this cathode. The cathode leads 
and soldered connectors of the two cells in which tritium buildup was reported were 
coated with a Torr Seal epoxy protective coating. Three additional sulfided electrodes 
with Torr Seal coatings are currently being studied. One of these is being electrolyzed 
in a neutron well counter in the low-background neutron counting laboratory. All three 
are being monitored for tritium buildup. If a significant increase in tritium is observed 
in the neutron counting laboratory experiment, the cell will be removed from the well 
counter and then be measured with a sensitive x-ray counter. If there is a significant 
increase in the tritium concentration, copious numbers of 21-keV Pd K x-rays should be 
produced via interaction of protons from the 3 T-p fusion channel with the Pd atoms. 


In materials studies, Pd single crystals have shown a reluctance to charge to D/Pd ratios 
greater than about 0.7 and then to discharge back to D/Pd ratios less than about 0.6. 
In another experiment a Pd-Rh-Li alloy cathode has been charged to D/Pd = 1.29 and 


Reed Jensen, ADR, MS-A114 - 2 - 

M331TX9 

then placed in liquid nitrogen awaiting neutron diffraction studies. 


June 30, 1989 


A calorimeter with oxygen-deuterium gas recombination within the electrolysis cell has 
been constructed and a measurement with a 1 mm x 10 cm vacuum annealed Pd cath- 
ode is in progress. The calorimeter has a heat output over input sensitivity of about 1%. 
Resistivity of the cathode is constantly monitored to measure the degree of D loading. 
Neutron and gamma-ray emission from the cell are also being continuously monitored 
with a NE-213 scintillation detector using pulse shape discrimination to distinguish be- 
tween the two types of nuclear radiation. Tritium will be assayed in the input and final 
electrolyte solutions. 


Some theoretical work is being directed to the possibility of resonance-enhanced deuteron 
Coulomb barrier penetration. 

There is nothing further or new to report on the following activities: 

• Confirmation of experimental results claimed by others. 

• Chemical assays of chemical reactants and products. 

• Control experiments with light water. 

• Determination of mechanisms and rates for fusion reactions in solids. 

• Verification of neutron and/or heat release observed in the University of Utah 
experiments. 
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Los Alamos National Laboratory 
Los Alamos ,New Mexico 87545 


memorandum 


Reed J. Jensen, ADR/A114 DWE; J u l y 7, 1959 

Charles Orth, INC— 11 mail stop/telephone: J514 / 7—4785 

ADR:89-292 

REPORT ON “COLD FUSION” ACTIVITIES AT LOS ALAMOS— 
J-'ly 1 to July 7, 1989 


The three sulfide-coated Pd cathodes with Torr Seal protected leads and 
solder joints described in the last progress report have been electrolyzed for a week. 
The current densities in two of these were raised from 40 to 200 mA/cm 2 during 
this time interval, and thus far, no significant tritium buildup has been observed. 
The third unit is being electrolyzed at 40 mA/cm 2 while in a neutron well counter 
at the low-background laboratory. Small aliquots of electrolyte have been removed 
for tritium assay, yet to be done, and only background neutron rates have been 
observed. 

In solid-state, D 2 -gas experiments, eight Ti cathodes from Jones-type elec- 
trolysis cells were cycled together several times between liquid nitrogen and room 
temperature under 40 atmospheres of deuterium before a single burst of about 
100 source neutrons was detected. The burst occurred during a warmup at about 
-30° C. Experience gained from work on the gas-metal systems indicates that 2 
to 4 days of “incubation” under 40 atmospheres D 2 pressure (room temperature) 
is an essential step toward obtaining the previously observed neutron bursts. Al- 
though Ti-662 alloy appears to yield reproducible neutron bursts in high-pressure 
systems (40 atmospheres D 2 ), a recent experiment to determine low-pressure (3 at- 
mospheres) behavior failed to yield neutrons. A second low-pressure experiment 
with pre-conditioning of the Ti-662 surface will be performed. 

The effects of carbon, sulfur, and trace metal impurities on deuterium takeup 
in Pd are being explored in a systematic manner. Measurements in progress indicate 
that minor impurities have a profound effect. 

The calorimeter experiment described in last week’s report has been “charg- 
ing” for one week at a current density of 60 mA/cm 2 with no evidence of excess heat. 
Yesterday, the current density on this vacuum-annealed 1-mm x 10-cm Pd cathode 
was ra j s ed by an order of magnitude. A Pd cathode containing about 0.2% Li (bv 
weight) is being prepared for use in the calorimeter after the present experiment is 
finished, perhaps in a week or two. 

The two Pd cathodes from Texas A&M University (see June 23, 1989 report) 
have been examined by optical microscopy. The used electrode showed a porous, 
dark-colored surface in contrast to the smoother and shiny surface of the unused 
electrode. X-ray fluorescence and diffraction measurements will be performed next. 



Reed J. Jensen 
ADR:S9-292 


- 2 - 


July 7, 19S9 


There is nothing new or further to report on the following activities: 


• Confirmation of experimental results reported by others. 

• Control experiments with light water. 


• Determination of mechanisms and rates for fusion reactions in solids. 

• Verification of neutron and/or heat release observed in University of Utah 
experiments. 
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Lds Alamos National Laboratory 
Los Alamos^lew Mexico 87545 


memorandum 


to: Reed Jensen, ADR, MS-A114 
from Charles Orth, INC-11, MS-J514^^ 


date June 30, 1989 
MAIL STOP/TELEPHONE J514/7— 4785 


symbol M331TX9 

subject.- REPORT ON “COLD FUSION” ACTIVITIES AT LOS ALAMOS - June 24 to June 30, 1989 


An experiment to test the reproducibility of generating small neutron bursts from a 
pressurized D 2 gas bottle containing Titanium-662 alloy (Ti with 6% Al, 6% V and 
2 % Sn) at room temperature produced four short-lived bursts ranging from 30 to 100 
neutrons from the source. Plans are now underway to run normal hydrogen control 
experiments and to use DT gas as soon as the safety aspects can be resolved. 


of six Jones-type electrochemical cells with V, Pd or fused Pd-Ti alloy cathodes, being 
operated simultaneously within a neutron well counter. This week a single Pd-Ti alloy 
cell was run in the well counter but neutron bursts were not observed. This suggests, 
but does not prove, that this type of cathode was not responsible for the previously 
reported bursts. 


cathodes that appeared to previously produce tritium, and it was electrolyzed while in 
a neutron well counter. Neither significant tritium buildup nor excess neutrons was 
observed. However, a thin deposit of lead and copper from dissolution of a solder joint 
at the top of the cell was later found on the surface of this cathode. The cathode leads 
and soldered connectors of the two cells in which tritium buildup was reported were 
coated with a Torr Seal epoxy protective coating. Three additional sulfided electrodes 
with Torr Seal coatings are currently being studied. One of these is being electrolyzed 
in a neutron well counter in the low-background neutron counting laboratory. All three 
are being monitored for tritium buildup. If a significant increase in tritium is observed 
in the neutron counting laboratory experiment, the cell will be removed from the well 
counter and then be measured with a sensitive x-ray counter. If there is a significant 
increase in the tritium concentration, copious numbers of 21-keV Pd K x-rays should be 
produced via interaction of protons from the 3 T-p fusion channel with the Pd atoms. 


In an earlier report it was noted that small bursts of neutrons were detected from a group 


A Pd cathode with a sulfided su /as prepared in the same manner as the two 




In materials studies, Pd single crystals have shown a reluctance to charge to D/Pd ratios 
greater than about 0.7 and then to discharge back to D/Pd ratios less than about 0.6. 
In another experiment a Pd-Rh-Li alloy cathode has been charged to D/Pd = 1.29 and 


Reed Jensen, ADR, MS-A114 — 2 - 

M331TX9 

then placed in liquid nitrogen awaiting neutron diffraction studies. 


June 30, 1989 


A calorimeter with oxygen-deuterium gas recombination within the electrolysis cell has 
been constructed and a measurement with a 1 mm x 10 cm vacuum annealed Pd cath- 
ode is in progress. The calorimeter has a heat output over input sensitivity of about 1%. 
Resistivity of the cathode is constantly monitored to measure the degree of D loading. 
Neutron and gamma-ray emission from the cell are also being continuously monitored 
with a NE-213 scintillation detector using pulse shape discrimination to distinguish be- 
tween the two types of nuclear radiation. Tritium will be assayed in the input and final 
electrolyte solutions. 


Some theoretical work is being directed to the possibility of resonance-enhanced deuteron 
Coulomb barrier penetration. 

O'* 

V>N 

There is nothing further or new to report on the following activities: 

• Confirmation of experimental results claimed by others. 

• Chemical assays of chemical reactants and products. 

• Control experiments with light water. 

X v 

• Determination of mechanisms and rates for fusion reactions in solids. 

• Verification of neutron and/or heat release observed in the University of Utah 
experiments. 
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Los Alamos National Laboratory 
Los Alamos, New Mexico 87545 


memorandum 


to Reed J. Jensen, ADR/A114 

date: July 7, 1989 

from Charles Orth, INC-11 ^ (J^ 

MAJL STOP/TELEPHONE: J514 / 7—4785 

stmbol: ADR.-89-292 



subject REPORT ON “COLD FUSION” ACTIVITIES AT LOS ALAMOS — 
J ’ly 1 to July 7, 1989 


The three sulfide-coated Pd cathodes with Torr Seal protected leads and 
solder joints described in the last progress report have been electrolyzed for a week. 
The current densities in two of these were raised from 40 to 200 mA/cm 2 during 
this time interval, and thus far, no significant tritium buildup has been observed. 
The third unit is being electrolyzed at 40 mA/cm 2 while in a neutron well counter 
at the low-background laboratory. Small aliquots of electrolyte have been removed 
for tritium assay, yet to be done, and only background neutron rates have been 
observed. 

Q) 

In solid-state, D 2 -gas experiments, eight Ti cathodes from Jones-type elec- 
trolysis cells were cycled together several times between liquid nitrogen and room 
temperature under 40 atmospheres of deuterium before a single burst of about 
100 source neutrons was detected. The burst occurred during a warmup at about 
-30° C. Experience gained from work on the gas-metal systems indicates that 2 
to 4 days of “incubation” under 40 atmospheres D 2 pressure (room temperature) 
is an essential step toward obtaining the previously observed neutron bursts. Al- 
though Ti-662 alloy appears to yield reproducible neutron bursts in high-pressure 
systems (40 atmospheres D 2 ), a recent experiment to determine low-pressure (3 at- 
mospheres) behavior failed to yield neutrons. A second low-pressure experiment 
with pre-conditioning of the Ti-662 surface will be performed. 

The effects of carbon, sulfur, and trace metal impurities on deuterium takeup 
in Pd are being explored in a systematic manner. Measurements in progress indicate 
that minor impurities have a profound effect. 


The calorimeter experiment described in last week’s report has been “charg- 
ing” for one week at a current density of 60 mA/cm 2 with no evidence of excess heat. 
Yesterday, the current density on this vacuum- annealed 1-mm x 10-cm Pd cathode 
was raised by an order of magnitude. A Pd cathode containing about 0.2% Li (by 
weight) is being prepared for use in the calorimeter after the present experiment is 
finished, perhaps in a week or two. 


The two Pd cathodes from Texas A&M University (see June 23, 1989 report) 
have been examined by optical microscopy. The used electrode showed a porous, 
dark-colored surface in contrast to the smoother and shiny surface of the unused 
electrode. X-ray fluorescence and diffraction measurements will be performed next. 


Reed J. Jensen 
ADR:89-292 
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July 7, 1989 


There is nothing new or further to report on the following activities: 

• Confirmation of experimental results reported by others. 

• Control experiments with light water. 

• Determination of mechanisms and rates for fusion reactions in solids. 

• Verification of neutron and/or heat release observed in University of Utah 
experiments. 

CJO:slg 




June 22, 1989 



1 / 


Dr. Norman Ramsey 
Professor of Physics 
Williams College 
Williamstown, MA 01267 

Dear Dr. Ramsey: 

I just learned that one of the DOE team members verbally 
rej ected our data out of hand in the presence of Dr. J. O'M 
Bockris . I consider this very unprofessional . This team member 
reportedly "trashed" our data on the basis that there was no 
"tell-tale" decrease in voltage . As you know, I called you the 
day after the DOE visit to Utah and reported to you that the run 
in question had been operated at a constant voltage setting. I 
was unaware of that point at the time of the visit . Why this 
point wasn't clarified then I'm not sure. All runs prior to May 
5 were constant voltage runs with hand recording of current. 

After May 5 we changed to a constant current mode . Evidently the 
team, or at least this team member, does not believe what we say . 
I find this offensive, unfair and hardly in tune with effective 
evaluation . 




In other runs , operated at constant current and more 
thoroughly instrumented , we have noted the expected decrease in 
voltage. We have 3 subsequent runs with such results. The 
results we are getting are important and growing both in quantity 
and sophistication. We have found an increase in tritium in the 
rod experiencing the heat excursions we showed you. Before 
outgassing of the cathode the tritium was 37% above background. 
After outgassing in the cathode the level increased to between 
300 and 400 percent of background based on our original solution . 
This analysis has been checked by two separate laboratories . 


iincerely yours 



MILTON E. WADSWORTH 
Professor of Metallurgy 
and Dean 


cc : 


Dr. 

Barry 

Miller 

Dr. 

Hugo Rossi 

Dr. 

Allen 

Bard 

Dr. 

James Brophy 

Dr. 

William Happer 

Dr. 

Stanley Pons 

Dr. 

Larry 

Faulkner 

Dr. 

Martin Fleischmann 

Dr. 

Gerry 

Byrne 

Dr. 

Sivar Guruswamy 


College of Mines and Earth Sciences 

Office of the Dean 
209 W. C. Browning Building 
Salt Lake City, Utah 84112-1183 
(801) 581-876? 



Lyman Physics Laboratory 
Haruard Uniuersity 
Cambridge, MR 02138 

July 8, 1989 

Dean Milton Wadsworth 
209 W. C. Browning Building 
The University of Utah 
Salt Lake City, Utah 84112-1183 

Dear Dean Wadsworth: 

I am sorry to be so late in replying to your letter of June 22, 
1989, but it was addressed to me at Williams College and suffered 
forwarding delays as well as being delivered when I was out of town. 
As a result I received you letter only late yesterday. 

From your letter it is difficult to infer which Panel member you 
are referring to and exactly what was said, however, I can add some 
information as to whether said Panel member at the time knew of 
the phone call I received from your laboratory following our visit to 
Utah. There was no meeting of our committee between the time I 
received the call from your laboratory and our visit to Texas so I 
distributed information about this Ifcall in writing to all members of 
the Committee. However, I had to leave on a trip immediately 
following the call from your lab and I returned from the trip only 
onJune 13. As a result, the report went out on Wednesday June 
14,1989. Since we left for Texas on Sunday June 17, it is highly 
likely that most Panel members had not received much less read that 
report prior to the Texas visit. 

There seems to be some misunderstanding between the two of 
us on two matters pertaining to the phone call and I welcome this 
opportunity to have them clarified. You are quite explicit in stating 
"As you know, I called you the day after the DOE visit to Utah and 
reported to you ...". It was my understanding that the call was not 
from you but from your associate Dr. Guruswamy and in my report 
to the Committee I said the report was from him. Although I do not 
have good records on the timing of the call, I believe I received it 
two or three days following our visit rather than "the day after". 

Also your letter implies that the run in question had been 
deliberately opererated at a constant voltage setting whereas it was 
my understanding from Dr. Guruswamy that it was realized following 


our visit that the power supply had automatically shifted to constant 
voltage when the voltage exceeded a certain limit. 

If you would like to supply any clarification or further details 
on these or other matters please feel free to do so. Since I shall be 
away for a considerable period of time, I suggest that you send such 
information to Mr. William Woodard, Secretary, Cold Fusion Panel, 
ER-6, 3F-043, US Department of Energy, 1000 Independence Avenue, 
SW, Washington, DC 20585, FAX: 202-586-3119, with the request 
that he distribute it to all members of the Panel. 


Thank you for the report on your new information. I am 
distibuting copies of your letter to all members of the panel. If any 
futher new relevant information develops, please send it to Mr. W. 
Woodard with the request that it be distributed to the Panel 
members. 


Sincerely yours, 



Norman F. Ramsey 
Higgins Professor 
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DOE 132S.8 


United States Government 


Department of Energy 


memorandum 


DATE: 


JUN 2 1 1989 


REPLY TO 
ATTN OF: 


ER-20.1 


ci id IFPT- 

June 19, 1989, Site Visit to Texas A&M 
T0: W. Woodard, ER-6 

In attendance were Huizenga (Co-Chairman from Rochester), Ramsey (Co-Chairman 
from Harvard), Bard (Texas), Bigeleisen (Stony Brook), Cal 1 i s (ACS President), 
Happer (Princeton), Miller (AT&T), Schiffer (Argonne), Wrighton (MIT), Finn 
(ERAB) and myself (Technical Advisor). 


Appleby provided attachments #1 and #2 on the following experiments: 

1. Three experiments with the following excess heat generation: 

(A) . 3 runs: 16.3, 19.3 18.5 watts/cc 

(B) . 4-7 watts/cc 

(C) . 6-12 watts/cc 


2. Two experiments where: 

(A) . Excess heat generation was nearly eliminated by switching from LiOD 

to NaOH and 

(B) Excess heat generation returned by switching back to LiOD. 

3. An experiment where excess heat generation was nearly eliminated by 
switching from an uncoated stainless steel cell to a teflon-coated Ni 
cel 1 . 

4. An experiment with LiOH, instead of LiOD, which generated no excess heat. 

5. An experiment with Pt in LiOD, instead of Pd in LiOD, which generated no 
excess heat. 

6. An experiment where: 

(A) . Excess heat generation was nearly eliminated by switching from 6% 

Li-6 to Li-7 and 

(B) . Excess heat was generated faster by switching to Li -6. 

Analysis shows Li penetrates about 1 micron into the electrode. Surface 
analysis, at least some of which was done by Livermore, indicates Fe, Cr, Mg, 
Ca and Si. Bockris noted that Ni is also present. 


Group #1 




Appleby also noted they have recently began measuring gas volumes in one 
experiment to confirm low levels of recombination. 
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Group #2 


Wolf provided 3 positive results on neutrons from the Texas A&M, including 2.5 
MeV neutrons up to 4 1/2 times background. The highest neutron level 
corresponded to an over 10 3 tritium increase. He also presented surface 
analysis which indicated (probably Fe based) dendrites and cracks. He also 
discussed the possibly of D + Li-6 fusion. 


Group #3 


Packham, from the Bockris group, provided attachment #3 an£ discussed 8 
positive results for tritium, showing increases up to :> 10 4 and that 

tritium analysis have been confirmed by sets of 5 samples which were sent to 

Argonne, Pacific Northwest, Los Alamos and General Motors. 

Bockris provided attachment #4 and discussed: 

(1) His 3 cells with excess heat: 4.5, 5.0 and 7 watts/cc, 

(2) That he is installing recombiners in 1/2 of his cells, 

(3) That his calculations from Henry's Law indicate about 100 times more 

tritium in the gas than in the electrolyte, which is approximately 
the level of tritium suggested by the excess heat, and 

(4) That Fe/Cr and Ni dendrite tips may produce the KeV energies 
required for fusion. 




Martin reported on : 


Group #4 


(1) Two cells, one with up to 50% excess heat, 

(2) That measurements of gas flow indicated recombination does not 
exceed 1%, even for exposed electrodes 

(3) Collaboration with Vancouver to use their flow-thru calorimeter with 
a recombiner, and 

(4) Surface analysis shows high levels of Li and increased levels of C, 
Si and 0. 


Tours were then provided by each of the four groups. 
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ERAB Panel members have requested that copies of this summary of what was 
reported not be distributed beyond the ERAB Panel and the DOE distribution 
list. 


Attachment (4) 

cc: W. Hess, ER-20 

P. Stone, ER-1 
T. Finn, ER-55 
R. Gajewski, ER-16 
L. Ianniello, ER-11 
D. Barney, ER-16 
R. Marianelli, ER-14 
D. Crandall, ER-54 
R. Marley, ER-1 
W. Warnick, ER-32 
D. Hendrie, ER-23 
C. Richardson, ER-23 


David Goodwin 
Special Assistant 
Associate Director for 

High Energy and Nuclear Physics 
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PRINCIPLES OF MICROCALORIMETER 
TRONAC MODEL 350 


The design is based on the Seebeck effect 
in which a voltage is produced proportional to 
the temperature difference across the 
thermoelectric device (TED). 

rtO 

The voltage generated across the TED is 
directly proportional to the heat flow from the 
microcalorimeter measuring cell. 


\ 

The rate of heat generation from ljiW to 8W 
can be measured. 
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Figure 2: Schematic of Tronac Calorimeter System 

(1) Access lid 

(2) Temperature-controlled air bath. 

(3) Cover on block compartment 

(4) Temperature-controlled water bath 

(5) Water-tight stainless steel box. 

(6) Aluminum heat sink block. 

(7) Thermoelectric sensors. 

(8) Sample holder. 

(9) One of four aluminum wedges placed in tapered channel. 



experimental approach 


* material 


Pd: (i) 
(ii) 


0.5mm diameter x 10mm long 
1.0mm diameter x 10mm long 
(m) 2 mm diameter sphere 

G) 

0.5mm diameter x 10mm long 


V0 


Pt: (i) 


(ii) 1.0mm diameter coil 


£ 


S/ 




*ELECTROLYTE 


(i) Si^ LiOD.O.lMLiOH, O.lMNaOD, l.OMLiOD, 
0.,1M 6 LiOD, and 0.1M 7 LiOD 

(ii) Volume: 7.5 - 8.0 ml. 


*Tlie rate of heat generation was measured in a closed 
stainless steel (1cm x 3.9cm x 3.5m). The rate „fhl, 

generated by oxidation of the stainless steel in the 
electrolyte is negligible. 
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HELIUM CONCENTRATIONS IN COLD FUSION PALLADIUM 





CHEMICAL EXPLANATIONS 


Recombination of D 2 and O 2 


No 


Pd lattice yield stress 2600 atm (higher after hardening) 
Pd L s ~ 4 eV. Bond strength 0.67 eV. 


2o n /ml lor 100 k 0 / J 

Formation of Pd-D alloy 
= 0.4 eV 
1.05 Wh/ml 



9 kcal/mole 


~ 170 seconds of anomalous heat (at 20W/ml) 
Formation of Pd-Li alloy : Simil ar 




CONCLUSIONS 


MICROCALORIMETRY 

Excess Heat Generation Only With Pd/LiOD and 
Not With Pd/LiOH and Pt/LiOD 

• Substitution of LiOD With NaOD Reduces Heat 

. vO 

• Changing Electrolytes From Natural .0.1 M LiOD 

(94% Li, 6 % «Li) to ?LiOD Results in Reduced 
Excess Heat Generation Rates 

• With 6 LiOD Electrolyte, ^g^onse Time For Excess 

Heat Generation Rate Is Reduced 

MjCLEAR reaction products 

• No 3He or «He in Pd Samples (as Received and After 
Excess Heat Generation) - Mass Spectrometry 

Tritium in Electrolyte After Excess Heat Generation 
Same Level as Background - Liquid Scintillation 


SURFACE ANALYSIS 

• Lithium on Electrode (Penetration = 1pm) - SIMS 

• Fe, Cr, Mg, Ca,Si - SIMS, EDX 

• DendriteSEM 
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Will Happer's comments on his visit to 
Texas AWI University 
with the ERAB Cold Fiision Panel 
oh, June 19, 1989 


Inspection of the Bockris laboratory . I was in the -first group to 
visit Bockris's cold -fusion laboratory. We were shown two 
experiments, the experiments on tritium production and the experiments 
on excess heat production. 

The tri ti urn-producing cells . There were close to 20 cells which were 
said to produce tritium. The cells were on the order o-f 20 ml in 
volume and were similar to large centrifuge cells. The cells were 
closed at the top with a rubber membrane, similar to the type used to 
cover vials o-f antibiotics for loading hypodermic syringes. Heavy 
water_ was added to the cells with a hypodermic syringe which was poked 
through the membrane before injection of the heavy water. The 
syringes were said to be used only once and then discarded. The rubber 
membrane was penetrated by the two wires used to supply the current 
for electrolysis and by a hypodermic needle attached to transparent 
plastic tubing, about 8 mm in diameter. The plastic tubing led to a 
beaker containing mineral oil thr-ough which the gaseous mixture of 
deuterium and oxygen together with heav^-water vapor bubbled up to the 
surrounding atmosphere at a rate of a few ml per minute. The escaping 
gases carried with them some heavy water and black oxides of nickel or 
other dirt which were entrained in the escaping gas stream because of 
■frothing of the electrolyte. A good deal of electrolyte and nickel 
oxide or other dirt had accumulated in the beaker beneath the mineral 
oil. I would guess that the beaker contained a few hundred ml of 
dirty electrolyte and a few hundred ml of oil. John Schiffer pointed 
out that there were two bottles of heavy water from different 
suppliers on the table next to the hood that contained the cells. We 
were assured that the origin of the heavy water was well known and 
recorded for each addition. None of the cells was being monitored for 
heat release, and most were operating in the air although several, 
which were operating with higher currents, were in a water bath to 
provide more effective cooling. 

Most of the cells contained nickel anodes, which Bockris says are 
essential for the production of tritium. The cells had been operating 
for various periods of time, from days to weeks. Cells which had been 
operating for more than a few days were filled with a black suspension 
which was said to be oxides of nickel. 

If I understood the cell construction correctly, there was a central 
w * re palladium, perhaps 2 mm in diameter, which served as the 
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*unn?f^ iiJV 00 — St a Jf* ffi P le of the palladium, which was from a 
?? . . , xrgima. The anode was a nickel mesh wrapped up into 

cylindncai shape and held away from the palladium cathode byred 
rubber spacers which could be seen at the top and bottom of the 
electrode assembly. I don't know about the chemical stability of 
rubber in the highly alkaline electrolyte of these experiments, but 
would be surprised if some of the rubber and glass was not leached 
away during the course of the experiments. Goodness knows what was 
the solutions which were added to the tri tium— counting cocktail, but 
it seems quite likely that there were transition metal oxides and 
various organic decomposition products from the rubber spacers which 
might have been involved in slow chemiluminescent reactions. 


in 


Access to the tritium production cells . There appeared to be no 
control of access to the any of the Bodkris experiments. They were 
located in a large laboratory which contained desks for many graduate 
students, many of whom were working away during our visit. I don't 
think that there is any way to be sure that the tritium producing 
cells were not "spiked “ by someone. 

Neutrpn activation . If tritium were really produced by d-d fusion 
reactions, a comparable number of neutrons would have been released if 
the usual branching ratios for the fusion reaction hold. If so, 
neutron activation products should be readily detectable in the 
surrounding pieces of apparatus. An example is neutron capture by 
a to yield * A Na which decays with very characteristic gamma rays 
and is often used to determine the dose to humans who have 
inadvertently been exposed to neutrons. Most glass, including pyrex 
glass from which the cells were probably made, contains several per 
cent sodium oxide as a flux. Sodium activation produces a rather 
short lived diagnostic gamma ray. I do hot have a table of isotopes 
and neutron cross sections available to me so I cannot give examples, 
but I suspect that one could find longer— lived neutron activation 
products which could serve as a retroactive test for neutrons 
released from the tri tium-generating cells. For example, there may be 
convenient neutron activation products from the the nickel and 
palladium electrodes. 


The heat-producing cells . We also inspected two cells which were said 
to sporadically generate excess heat. these cells were much bigger 
than the cells used for tritium production, perhaps 5 cm in diameter 
and containing around lOO ml of solution. They had a styrofoam plug 
at the top, and this was penetrated by a pair of leads for the 
electrodes and a pair of leads for the calibrating heater, which was a 
commercial cartridge heater in a glass tube to keep it dry. The 
cells were big enough to contain a plastic— coated iron stirrer on the 
bottom, which was spinning away while being driven by two magnetic 
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stirring devices located below the water bath. The plug was also 
penetrated by commercial thermistor probes. There was a single 
thermistor in one cell, and there were two thermistors in the other 

The electrolytic cell was placed inside a larger-di ameter cellwhich 
was immersed in the thermostat i <- h^h T u. a . ester ceil which 
jacket and th« r»n tnermc,s tati c bath. The spacing between the outer 
t .?°f the . CeU - >ws the order of B me, end the electrolytic 
as loosely held m position by two rings of plastic tubina 
about 3 cm apart, near the top and bottom of the electrolytic cell 
«ff P i°L the P * dstic *P*c*r, the voldme between the e^trol^lc* 
■filled^ith 6 J f ekBt *Hled with air". The thermostatic bath^as 

nin .. ftn tb “f te IT at about r °ew»> temperature and covered with small 
ping pong balls to reduce evaporation. 

ETg! > .^ Pl ^ t| tfT - tllr - u ndt cle&r whether the thermal coupling 

bath A ltroe I?® n f 9 "° ldle =«"P"-ed to the coupling to the 

the 1 2 area T °* J he electr °lytic tell was directly exposed to 

^ 1 ’ dnd WhSn 1 put my fin 9 er on the plastic plug, I noticed that 

it and the surrounding glass at the top of the cell Sere noticeably 

carrvi L d °““ ««* significant tonvection currents a^ Y 

" g w ? rffl °f the top of the cells, and it is not clear how 

the blth* J m flo ? lng * nt ° the room how much is -flowing into 

^at the'cen "r y ^. h °^ VBr ’ 1 K3S V ‘ ry *>"-pri.sd to find 

that the cell moved freely when I touched it, about which more below. 

^v-r^m^* ' .!5;, f 1 «trol ytie; cel Is fit very loosely in the jacket, 
f" d Hf? J 1 flddI i na with lhe "ires was enough to seriously tilt 

^he « *T °? B ’ ld f, ° f t hE jacket tQ the other. I estimate that 
the motion was typically about 5 mm. We asked one of the people who 
normal y work on the experiment to show us how he added 

waS necessary hf.^n 9 * ^ ^ishtening hypodermic eyringi, and it 

cell to alfrnw h?a him to remove a rubber stopper from the top of the 
n it, ? inser ^ needle of the syringe. In the 

th“^i^™th2"^ thab there was ab °“t a 10% change in 

cne reading o-f the thermistor on the chart paper. r had earlier 

oaoi^r *5** by . ^ shaking the wires it was possible to change the chart 

^TooZtt"i^L art ^ d 10% H in since ^ry^hing was 

constant until someone jiggled’the^irSs again* W f® 

laboratory notebooks, we saw examnlecc eix h *-K*n 1 & ^ ns P e cting the 

tal ksd^-Ahni rt «r<Zx°* l u * ” examples o-F both "excess heat" and less- 

d deficit heat," both on tHe order of 10% of the nominal 

values. Someone, Allen Bard I believe, pointed out that the "excess 

n Pr ° K C i X ?" rep ° rted by the group can not be 

distinguished from the effects of changes in L calibration of the 
calorimeter due to jiggling of the cell within the jacket 

th: ln the M=or>d ro«p 

y orinivasan laboratory. Their work is based on 
-3- 
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studies erf electrolytic cells in a commercial microcalorimeter. They 
claim to observe sporadic generation of excess heat. They have never 
seen any tritium production, although I gather that they have looked 
"for it. The data that they present in Yiewgraphs looks "raw" but in 
fact it is heavily massaged and supplied with plausible looking 
"noise. “ We were permitted to inspect teome of the chart paper from 
which the viewgraphs were made, -and my judgement is that the “excess 
heat" is in the noise. Barry Miller, who spent more time than I did 
looking at the charts says that -the "extess heat" generation is 
inferred from changes in the cell voltage. There is almost no change 
in the heat output. 

Conduc ting cell walls . A serious problem with the earlier experiments 
was that the walls of the cell were stainless steel. Although Appleby 
claims that there is no net current to the stainless steel cell 
jacket, there is no way to estimate how much the currents carried 
through the conducting walls of the cell and indeed through the rest 
of the calorimeter, which is massive (several pounds) of aluminum 
blocks pressing up against the stainless steel sample cell. Cells with 
insulating teflon coatings are now being prepared, but I was not sure 
whether any had been used yet, and if so whether any of the gave 
excess heat. . /vC/ 

Black-box calorimeter. It was very difficult to know what was going 
on in the microcalorimeter. The device was originally built to 
measure the heat loss attending the self discharge of commercial 
batteries, and it needed some modification to permit it to be loaded 
with electrolytic cells. Appleby et. al . do not know how the 
calorimeter works, but they are in the process of trying to get more 
information about it from the original builder. For example, they do 
not know where the calibrating resistors are located, they do not know 
how the thermopiles are arranged in the instrument or whether the 
thermopile voltage or current is measured. They think it is the 
voltage, but it it not clear from any documentation. The samples are 
also very well hidden inside many layers of insulation once the 
calorimeter is loaded, so no one can know what is going on in the 
cells. You can t just look inside as you can with the Bockris cells. 

What did we learn? 

1. The Bockris calorimeter is too loosely put together to be 
trusted. 1 don't think any excess heat was observed. 

2. The Bockris tritium results are a mystery. 

3. None of Bockris's colleagues has seen tritium. 

4. There is no evidence for the neiitrons which should have been 
P ro ^ uce d along with the tritium. Someobe should look for neutron 
activation products. 
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n ^ w ,,f\ The COritrQl s *or the tritium experiment are very poor. Many 
rherne *r!! f^® 3 ? J° the experiment, and no one seems to be in 

g . Bockrxs told us himself that he had many people participate 
in the experiments, so who knows what happened? There i s P a 
handwritten poster with instructions oh how to record data over the 

benefit |5 1Ch tri ^ ium experiment is done, presumably for the 

n ff 1 ^ °f P^rt-ti me helpers in the wee hours of the night. Havina 

deservid^U whS^T 10 3 few P rd =ti cal jokes on senior professors (who 
J L 1 WaS a .9 raduate student and post doc, I have no 
idence that the experiment is secure from mischief. 

rnn . e s f m Pl es dr ««n out of the tri tium-producing cells probably 

Srvarious 5 ^in S ?J?o mpOS f t j° n products «« rubber stopper as well 
dLs thii i^rj \ f 1 compounds from the nickel electrode. What 
does this imply for chemiluminescence in the scintillator cocktail? 

understoort % A ? Pleby ^ SrXniVaSan **P eri "*nt% are based on a poorly 

noise The 0,1 which ^ry close to the 

^ f Steel CeX1 waXls da " C *cry current and may have 

fc J d ^ ■ *°r e * affi P le fa y frothing, some of the cell resistance 
thereby making the power input to the electrolysis seem less SinA* 

check. P ble to look inside the microcalorimeter no one could 
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TEXAS A&M UNIVERSITY 



DEPARTMENT OF CHEMISTRY 
COUfQE ITATION, Tf.XAS 7W%-mr, 

Jun# 22, 1989 ( 409 ) MhgOII 

FAH (409) 845-4719 


Professor Harman Ramsay 

Harvard Vniv* rs i cy 
Department of Physios 
Cambridge, Ma 02138 

Dear Professor Ramsey, 

l am glad to tell you that David Voriedge of EPRI called »* this morning 
and told »* that the Cold Fusion work at Loa Alamos has led to th* 
confirmation of tritium production from DoO (iOOxbaekgreund) j and tie 
confirmation of tho production of excess heat, 

£ have no need to comment on this very important news. 

Yours stnosroly , 
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O'H. Bookris 

Distinguished professor of Chemistry 
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Comments on the visit to Brigham Young University 
with the ERAB Cold Fusion Panel 
on June 13, 1963 
by John Schiffer 


Tils is to summarise my own impressions of the visit to byd. 
were reoelved hospitably and the dlsoussions (almost entirely with Steven 
Jones) weje open, though he was a little vague on some points (do not mean 
to suggest that this was deliberate, just my impression of his knowledge of 
the dev.aii*)» 

< 3 ; 

Tliere was some talk of results at Grand Basso and at Los Alamos, 
but whJHe Jones is a collaborator on these it was also olear that he was 
not so knt iwledgable about the details and will not oooment on those here — 
Instead d: .souse only the data taken at BYU on which we could get the most 
direct information. Nor do 1 comment on the composition of electrodes and 
electrolyses that were discussed briefly. 


:<? 


& 


Jones was questioned on the methods by whioh he oomparee 'foreground' runs 
to ' baokg: 'ound ' ones. We were told that these were done under identical 
oircumstajices with and without a heavy water oell that had a current 
running t: trough it. When we saw the apparatus it did not seem to be 
firmly anchored in place, the shielding consisted of bazas of pennies, 
labelled '$35 M , (do pennies have lower background, we never asked) but it 
did nob »»em convincing that any special care was taken to clamp the 
shielding in place — small gaps in it were evident, these could change if 
someone Clanged the position of the oell or the neutron counter. 


In any oase, foreground and background runs are of drastioally varying 
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lengths — ■ l had oonoluded from the error bars shown In the Nature article, 
that if some were 6 hours 1a duration (as Is said la the artiole) then 
others mutt be for a week, aad yet others on the order of one hour. Jones 
at flrtit denied that there were such variations, but later ha looked in his 
logbook aid the variations were indeed of the order suspected. it Is still 
not clear to me how they combine 'baokground' runs for the individual 
points Shown in their paper; some of the things said implied that they may 
use the some background runs for several data points la the Nature artiole. 


Fitting tin total data: 




0 


But they 3 ave combined all their background runs aad did a new fit, with a 
simple tkoe-term polynomial obtaining a ofcl-squarea of 137 with 132 
degrees of freedom. They then take the ooeffioiente defining the shape of 
this polynomial and fit its magnitude, with a three-parameter gaussian to 
their 'fo: ragrouai' run. The ohi-squered here was 106/131. With the 
gausBisa established to 4.6 standard deviations (fits enclosed). 

Questional asked whether there were any selection criteria for excluding runs 
end was told at first 'no', all with current aad heavy water were Included, 
then this was oorreoted to say that one of the later continuous four-day 
runs was not Included, because by then they had discovered that the neutron 
effect supposedly disappeared after 6 hours. Yet the earlier long runs were 
retained. The total foreground running time appears to be roughly on the 
order of 20 days (my estimate). There is therefore a little arbitrariness 
In ohcoeiog what was included and what not — it may slightly alter the 
quoted. 4.3 sigma effect. 


Coamltt-riy variation*: 
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!tlia otlier major point Had to do with the question of variation of the 
ooeaio-mjr neutron background. I asked whether they had considered this — 
but they iieemed unaware of any euoh effeot. I pointed out that there was a 
well established coefficient for oosmio-ray neutron flux variations with 
barometric « pressure, -0.71 %/mbar, that oould give 10 to 20 percent 
fluctuations in neutron flux — they had not oonsldered this. The defense 
was that oosmic ray fluctuations would not give a weU-defined Gaus s ia n 
peak, ljut the whole area under the peak is not so large, so one oannot 
build too muoh on the shape. I have sent them sene references for this 
[Cosmic Roys by Gorman, North Holland 18743 and also found a reference in 
the literature for a 580% increase in neutrons associated with a solar 
flare (Betas to be the largest on reoord), that 1 enolos®. Jones said that 
perhaps tley would put a student on correlating their runs with barooetrio 


10%, i % cvexall (compared to about 30% effioienoy at lANL), But there 
oould 1* sultiple neutron hits in the scintillator followed by one Li 
tagging signal and such double hits would appear as ^ energy neutrons, 
not withix their 'gauesian 1 . 

SQuroet i oj ■ 

There veiv two small Van dm CSraaf accelerators In the Mam haU but we were 
told tiiat t hay were used for oallibration and not turned on (e.g. by 
students «,t night for a short test) during data collection. Also 
questioned about neutron sources in the vioinity and was told that the 



Relatlena to 'buratm': 
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sources (RiBe and Cf fission) were not looked up, however the students were 
scared to candle sources and. only faculty moved them. Personally, I would 
have kept she sources, and the aooelerators looked up for the duration of 
the measurement — Just to avoid some careless student turning on the 
terminal voltage for a 'test' or moving a source to Check a detector late 
at night. There were many (at least half a dozen) students In evldenoe in 
the hall. 


ftoirt-.-rrm do 1 station: 




0 


Had a oonv jrsation with Czlrx — he is a long-term neutron detector 
specialist, seems to he oopaspetent and oareful, and as far as Z could Judge 
the detector is a reasonable One. 

x\<^ 

Overall Im pression: 

The BYU experiment, on its own, enable within its limitations. The 

oare taken in the data runs, assuring strictly identical conditions between 
foreground and background runs, does not seem to be as strict as one would 
like to M! for establishing a statistically Mjglnal effect, whose 
existesoe is likely to be widely questioned. There was a lot of loose talk 
of individual runs showing tia» dependences, and of the nature of the 
gaussian jsak, that in my view was questionable beoause of the 
statistic* . Overall, if all oiroumstanoes were strictly as constant as the 
BYU grouj assumes, there seems to be a small effect. If it stands up, 
after ieltg oorreoted for barometric variations, and if one oan establish 
that tier* were no dramatlo variations in solar activity, the overall 
effect ootid be real (though many of the details about time variations seem 
aaeodotal and were not demonstrated to us quantitatively} e.g. leaving out 
some f ract ion of the data is questionable and may reduce the effect to 
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parhaps three standard deviations), If real, the affect oould he nlx&Xys 
in origin So Menlove'e data (hursts). 


Enclosures : 

1) new our res from Jones; 

S) figure m barometric pressure depende n ce of oosnio ray neutron flux, 
3) copy of article showing a large solar-flare related neutron buret. 
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Fig. 17.4. The barometric coefficients for the neutron component of cosmic rays. I— VII 
ars results obtained by different authors with their measuring errors. A - at Mawson; B 
- at Mt. Wellington. 



Fig 17.5. Histogram of the barometric coefficient for the world-wide net of neutron 
mo litors. 

Fr o m^i L . j. , D 0 f oi 
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The neasured value- of the -K.B, release iiyjhe slow. neutron fission of. 
sssU" -jis g yen by Brunt on and Hanna » (1948^pas 151*5 MeV. and from, this 
derive 124r±10MeY. as the mea^Hnetic energy released in the 
pUotofise io& of ““Th. 

We wish to thank Mr. L. R, H. Metcalfe for help in setting up the 
experfrft nt and for operating the synchrotron for these exposures. 

Atomic Euexgy Research Es/blishnient, E. W. Tittebton.. 

Harwell, Berks/ T. A. Bhpteley. 

16th February, ’ 
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A Temporary Increase in the Neutron Component of Cosmic Rays.. 

By N. Adams, 

The Physical Laboratories, The University, Manchester. 

jSo 

[Received March 10, 1950.] 

A ri:cei it report (Forbush, Stinchcomb and Schein 1950), has drawn; 
attentioi l to an abnormality in the cosmic ray intensity on November 19,. 

l T; ver 

inureo ses of 43 per cent were found in the ionizing cosmic rays measured. 
»t sea lovel in geomagnetic latitudes 50* and 80°, and an increase of 
SO per lent in the rays measured at Climax, Colorado, at an altitude of' 
L000 Jeet. No increase was found at 11,000 feet on the equator.. 
^hese ii creases were associated with a radio fade out at 10.33 G.M.T- 
- a , the same time large increases were found in the cosmic ray 
n ctisitijs recorded by two independent systems in these laboratories. 

0 ^. ria c f these which records ionizing cosmic ray consists of three-fold. 

ig. k r-i fuller counter telesoopes pointing north and south at an angle of 
^ to the horizontal (Elliot and Dolbear 1950). This reoord^d an 
Horn "T ^ intenflit 7 reaching a maximum of about 12 per cent above 
*ith' 5 ^ Ween n.00 and 12.00 hrs. Its oounting rate had reverted to 
^ 6r cent ^e norma ^ t>y 14.00 hrs. The other is a neutron 
th* .. 1 ; r border and the accompanying figure shows its response for. 
n * period Vht r.^v, 1.949 
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The neutron detector consists of boron-trifluoride filled nroi 
counters embedded in a “ Pile ” built ofhigh purity graphite. ItadeteoH ^ 
•efficiency is appreciable for incident neutrons of energies befcweel^t^!Z^ ,, ^ 
•and perhaps 10 MeV., being greatest for energies 3 to 5 MeV. 

The ordinates of the figure represent the observed average counting 
rate during successive hourly intervals. No hourly readings are avaflaS! 
■for the period between 13.25 and 10.27 hi*, when the equipment w 
*eing tested. However, counting rates taken for periods of a few minute, 
each and therefore of rather low precision, were obtained during thi* 
period at about 15,00 and 16.00 hrs, and are plotted in the figure with 
appropriate standard deviations as A and B respectively. 

The barometric pressure for the period shown in the figure had extreme 
variations of ±Q*1" Hg about its mean value; Such variations would 
produce changes of about ^2-5 per cent in the counting rate of the 
-recorder in normal conditions. 

40001 1 
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'From the moderate increase of counting rate (15 per cent) observed 
■during the period preceding 11.00 hrs. and the enormous increase (530 per 
cent) in the period 11.00—12.00 hrs. (both compared with the counting 
rate earlier that morning) is seems reasonable to suppose that the onset 
•of the disturbance occurred only a few minutes before 11.00 hrs. 

After reaching a maximum value for the period between 11.00 and 
12.00 hrs. the counting rate, so far as readings are available, decreased con- 
tinually with time and was still significantly above normal in the first 
lours of November 20th. .Thereafter the hourly counting rates showed 
their usual statistical fluctuation. 

Except for the oocaaion described here no variation of counting rate of 
-root mean square amplitude (averaged over periods of several weeks) 
greater than 0*3 per cent of the total rate has been found save for the 
•effect of barometic pressure. 
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